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DESCEtPTOES Behavioral Objectives; Course Descriptions; ^ • 

Curriculum Guides: High; Schools: Learning ictivitie 
Lessoji Plans: Metals: *Metal Working; Fostsecondary 
Education: Se<:ondary_ Education: Skilled occupations: 
*Trade and Inddstriil Education: dnits of Study: 
♦Welding _ 

IDE»TIFiEi?S Military Curriculuni Project 

ABSTBICT ' ■ 

These curriculum mater ia Is are the second section of 

a f otir-partr _secondary-postseccndary-l€Vjel course j^in metals 

processing^ The course, is one _cf a^ number of military-deveioped 

curriculum packages, selected foT adaptation to vocationaiinstructiqn 
and curriculum development in a_ civilian setting. Block Illr 
Introductibn to Metallic Arc Beldiiigr contains _six lessons including 
fifty-eight hCTjfs of instruction: Principles of Operat-ibn titd 
Maintenance cf arc welding Machine'Sr laentificatibn and Selection of 
Electrodes^ Stringer Beads and Building Op worn Surf aces^ Fillet 
Welds in the Flatand Hori2&ntal Positions^ Butt-joints of Carbon 
steel. Plater and Butt Joints of Carbon Steel Sheet* Block Special 
Metallic Arts and Eesistance welding Applications^ contains six 
lessens cbvexitig fifty-eight hours of instruction: Fillet Welds in 
the Vertical Pcsitiotr Fillet Welds in the Overhead Position ^ Pipe 
JointSr Heat^and Corrbsibn Eesistaiit Ferrous. Alloys ^ -Cast Iron, and. 
Hard Surfacing r Cuttingr and Eesistance Welding* Instructor materials 
include a course chart ^ detailed lessc^pl^Sr and a plan bf 
instruction containing the units of instruction r cnrit 
bbjectivesr aiifl additional materials'needed. Stud^t materials 
include a study guide for each block that contains objectives r 
infbrmaticnr .^review exercises^ and references for each lesson. 
Suggested audibvisuals not 'provided. (YLB1 



* Seprbductions supplied by EDES are the best that , can be made 'i. * 

* 1::^=^. frannthe original document- * 

*********** 
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THIS DOCUMENT HAS BEEN REPRO- 
buCEI> E^CACT4.V AS RECEIVED ^ROM 
The PERSON OR ORGA^N IZAT ION OR IGlN- 
ATING IT _POLNTSpF VIEW Of} OPINIONS 
STATED 00 NOT NECESSARILY REPRE* 
SENTOFFJCiALNATiONAL U^TIT-UTE OF . 
EDUCATION POSITION OR POLICY 




THE WmOHAL KHTER it 

FOR RESEiiRiiiRm«^]9i^lBU6/meH:^;i^ 



Kie inilitaiyHaev^lOEJed" ±a this -cx»arse 

package \fgere selected by tte National, Center for Research in" 
Vocaticaiai Education ailitaiy ' Coixiculm Project for _dissertH • 
ination to Sie six regiooal Curriculim Cbbrdihatioh Centers and 
o^er instructic gial igt^rials agencies. The purpose of _ 
diss^ninating Si^e roura^ jras to^make cum^culim inaterials 
(tevelcped the irdlitary more accessiSie to vocational - 
educators in the civilian setting. :^ ' -/ 

__T!ie_cbiarse inateria \ver3 acquired, evaluated project 
staff and practitioner^, in the. field, ara pr^jared for 
dissCTdnaticn. Materials v^iich were specific to the iiLLitary 
v?ere deleted, obpyri^ited inaterials ^wisre either emitted or appro- 
val for 1±^ir xase obteinedi Riese^dourse padcages obntaih 
sCurriculum resource materials v^di can be: adapted to si^^port 
vocational instruction and curriculum develofment. 



3 



Nafional Cenf^f 
ion Statement 





Military Curriculum 
= Materials for 
Vocational and 
Teclinical Education 



tiona[ Center for Research in ^ 
lal Education's mission is to increase 
ty of diverse agencies, institutions, ' 
inizatidhs to solve educational prob- 
iti'ng to individual career plarihjrig, 
ibh, -and progression. Tfie National 
uifillsi^ mission by: 



lerating knowledge through research 

/eloping educational programs and 
ducts 

iluatihg individual program heeds 
I outcome 

tailing educational programs and 
ducts 

jratihg Ihforrnatioh ^sterns and 
rioes ■ ' 

}ducting leadership development and 
ning programs 



RTHER INFORMATION AB(Hfl^ 
ry Curriculum Materials 
RCALL 

iram Information bff1(X 

National Center for Research in Vpcatiohai 

dUcatidn_ 

Dhio State University _ 

1 Kenny Road, Columbus, Ohio 43210 
phone: 614/486-3655 or Toll Free 800/ 
184815 within the continental U.S. 
xaptphio) 



Ipfornicinon an^ Field 
Scp/ices Division 



The Nations! Center for .Research 
in Voc?tionr5l Education 
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Ourrieulum Materials What Materials 
Dissemination Is . Are Availalle? 



liow Gan These 
Materials Be 



an activity to iricre^e tHe accessibility of 
rpilitary-developed curriculum materials to 
-vocational and technical educatoi^. 

This project, funded ^ the bl.S. Office of 
Edustion, includes the identification jnd 
acquisition of 'curriculufn materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps arid Navy. 

AcceK to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" betweenthe U.S. Offi.re of 
Education and the Department of Defense. 

Thejcquited materials are reviewed by staff 
^rirafe'reaieri^^^^^^^ 
deemed applicable to vocational and tech- 
are i 



The Natior^l Center for Research in 
Vocationa^Education is the U.S. Office of 
Education's designated .representative to 
a«]uire the materials and conduct the project 
activities. 



Project Staff: 

Wesley E.Budke,Ph.b., Director 
National Center Qeaphouse 

' Shirley A. Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirtNn in paper form), and descriptions of 
each have been provided to the vocationar 



iriatibri 

instructional materials agencies for dissemi- 
nation. ■ 

Coarse materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
. sixteen vocatibrial subject areas: 



Food Service 





Agriculttire 

Hiivtatioi 



Construction 



Heating &A|r 
Conditioning 
Machine Shop 



tions Supervision 
Communications Meteorology & 



Electronics. . 
Engine Mechanic Public Service 

The number of wuiies and the siibject areas 
repre^nted will expand as additional mate- 
rials with application to vocational and 
technical education are identified air! selected 
for dissemination. 



, Contact the Curriculum Soonjination Center 
in your region for information on obtaining 
materials (e.g.,-availabiiity and cost). They 
will respond to your request directly or refer 
you to an instnjctional materials agency 
to you. 



eURRieUtUM e0ORDIi\lATIul^J CENTERS 

lASTCENTRAt NORTHWEST 

RebecisS:DoQgla^ William Daniels 
Direaor ' Director 
, 100 North First Streist Building 17 
SprinjfieldJL 62777 AirdustfialPark ^ 

217/782-0759 , Olyfflpia,WA §8504 

- — msim 



SOUTHEAST 

RoijeftPattbn JaitiesF.Shill,Ph.D. 
Director ■ Director 

1515WestSixth Ave. Miaissippi State Uniw,>ity 

Stillwater. OK 74764 Drawer DX 

405/377-2030 Misslaipp! State, SIS 39762 



NORTHEAST WESTERN 
Jbaph F. Kelly, PH J), tsr^nce F; H: Sne; Pti.D. 
Director Director 
225 West StaleStreet 1776UniveKityA?e: 

Trenton, MJ 08325' ' *«:!j.3SS27 
zn ■ 808/948-7834 
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This is the swr>d s^ion of a four^wrtcbUrse bh metals pro^ingj/Train ing for the entire course includes fabrication of^wefded structures and metal 
r v»ld repairs- pHnciplw, techniques and processes of welding, cutting, soldering, brazing, and hard surfacing of wibus types of matsis used in the fabrica- 
5 tlon and repair of equipi^nt; blu^rint r^adins: heat trwtinia. hardness testmg. idehtif]catton and prevention of corrosion>u$e of hand and measuring 
•^5 tbbli;and bperatibh and maihtehahce bf^vwldihg^heat treating, test equipment and power machinery such as grinders, drill presses, power saws, and ^^^^ 
i^^ng$H«£-"SaStf^^ 

a^iicatiohs cowing 116 hours of instrurt^^^^^ Students should complete Meteb PrQc«sing Sp«» 11(1316) before beginning this second 



lit Of the course^ — ^^j:^:-':: .- .■ - ^v,.:) " • >v''r' - ■ ' -n'^^^-KS'"; ■- -'^^-^'^f: ' 

^.."T^ — " " :':'r<'?^X . V ' ■ ' ' ' ■ * ' • - " : "^1* 

Block III " -"'^ Thtroductl&t^ muttte Art mtding contains six lesons including 58 hours of instnictioh. The lesson topia and respective hours 
■ ••. ^'v- follow: -'.v.: . ....... ~. ■ . 'r^-^'^S 

Principl«.of bperSion and ^teintt • 
- . Wchtificatibn ahd;;Selectibn bf^EIe^^ :./: - ; 

StrihprBeadsandBuilding Up Worn Surfaces (6 h^^ _ . . - - 

: Fiitet Welds ^n the Flatand Hb^ ^ 

Butt Joints of Carbon Steel Plate (15 hours) . . • ^ 

Butt Joints of Carbon Steel Sheet (16 hours) : ;'V . 

BIbcklV - ^e^/Weis//fc>4n?anrf/?e»itancetVeW//?g/^^ 



Fillet Welds in the Vertical Pbsitibh (12 hours)^ 
Fillet Wel<& irt the Overhead Position (18 hours) 

Pipe Joim 16 hours) - 

Heat and Cbrrbsioh R(^»taht Ferrous Alloys (8 hours) 

Cast iron (4 hours) _ 

Rard Surfadng. Cutting, and Resistaho^ Welding JIO hours) 



' This section c^tiihs both teacher and student materials. Printed iristructorjtwiterials include a course chart: detailed le»on plans; anda pla_n of ih«mctibv^ 
. Includin g the-«jnit$ bfmsmjction, ^itefion objectives, the duration of the le«qm. and xiditional materials heeded. Student ma terials inclade a stu dy gu«d (_^ 
for eacirttock"whidrTOnairK^^^ ~ ' ! ' : " 

^ Text materials are provided in the student study guides, howv^, s^l commercial texts ahd^mnit£ryteehni<sl manuals are referen^ throughout the 
1 course. AudiSvi^ls sugg^ed for use in the entire course ihclude^88 sJidK. 8 films. 2 videotapes, and 9 transparency sets. The audiovisuals are not 
;r provided. ^ \ ' i '7^''~y^7_ • 



Classrbbni Course IS'-S 



HETALS PR0CESSI1|G SPECIALIST, BLOCKS-HI- IV 
fabi^of Contents 



Course Description 

Course Chart \ ^ ^ " - " 

' - .___/^'^-^_ #1 . 

Plan of -Instruction - \^ ; - * 

. ■ * 

Lesson Plans 1 - - 

Blodk III - Introduction to Metallic Arc welding 

Introduction to Metallic Arc Welding - * 
Study Guides ^ 

Block ly • Special Metallic Arc* And Resistance 
Welding Applications 

Special Metallic Arc And Resistance 
Welding Applications Study Guides ' 
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Page 113 



Page 153 
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I Ccvirne Ma ter in . ^ . 
^ BLOCK III ^ intrbduccion co Me-tallic 
-i Arc "Welkins — ^ 



80 Hours IT 



Prlr.ciplco of ap'eraticn snd Maintenance, of Arc Welding \ 
Hochincs (3 'hrs) ; Idcntiricacion and Selcccrcn of Elcc- ; 
trodes hrs) ; Strinjsr Beads and Building up Kovn _\ 
Surfaces (6 brs);_Fillet Kelds in the Flat ana Poricontialj 
Positions (1^/ hrs) ; Butt Joints of Carbon Scuei Plate 
(15 hrs); Butt Joints" of Carbor._ Steel Sheet (16 hrs); 
Measurement and Critique (2 hrs) . ' : 

(Equipznent Kcrards and Personnel Safety Integrated with 
Above Subjects) 

6b Hoars C/L ! 



Course Mat-eri^aX - I!!:aASSI?ir-:!) 
BLOCK IV - Special Metallic Arc and 
Resistance Welding Applications 



78 Hours 'TT 



Fillet Welds in ^ the Vertical Position (12 hrs) ; Fillet 
Velds in the Overhead Position (IS I:rG)rFipc Jcints 
(5^ hrs); Heat and Corrosion Resistant Ferrous Alloys 
(8 hrs): Cast Iron (^ hrs) ; Hard Surfacing/ Cuttins^ and 
Resistance Velding (10 hrs); Heasurei2-nt and Critiqued 
(:> hrs; . / * 

ij (Equipment Hazards and Personnel Safety Integrated T^t?h 
Above Subjects) 

.60 Hours e/L 



20 Hours CTT 
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PtAN OF INSTROCTION 



COURSS TITLE 

Metals ;dcessing Specialist 



elOCiC TITLE . - 

Intrbauctlba to Metallic Arc M ding 



UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 



1. . Principles of Operation and Maintenance of 
Src Welding I&chlnes 

K\ Without referei^c, state the 
principles of operation and uses of arc welding 
Mchlnea with 75Z accuracy. , 

^y:J?i^_^?iP?^Jit?,*ile.o^s^ 

shop. safety, set up and adjust an arc welding 
iaachine preparatory to veUing US ID 35W4-1-5. 

€• Giveh^ equipwht , while observing all_ ' 
shop safe tyi perf on operator, maintenance of arc 
welding iachines liSW TO 35W4-1-5. 



DURATION ; 
- (HOURS) 



(3/2) : 



SUPPORT MATERIALS AND COIOANCE 



Colum 1 :Ref erence 
la 

ib / 

Ic ■ " ■ 
Instructional Materials 



STS Reference 
22a 

3b, 22b 
3b, 22c 



3^R53131-SW01, Principles of Operation and Maintenance of Arc Welding 
SacMnea 

lb 34tf4-H, Veldifig Theory and Application ' 
Modem Welding (Chapter 6) - , • 

Audio Visual Ai d^ 



Chart: Arc Welding Machine Controls 
Training EquipiiEnt 

*^P_??l^_EquiFae?t_ consisting, of: _ Booth, Electric Arc Welding Machine, 
_ Protective. Equipment, Arc Welding Cables, and Welding Table (1) « 
Trainer: 3218, Electrical Weld (12) ^ ' ' 

Trainer: 3219, Eiectricd (12) 
Toolkit. (1) 

» 

TraihlnR M e th ods- 

Discussion/Demonstration (i.S hrs) ' 

biitside Assignioent (2 hrsj 

Instroctional Environment/Besign . . ' 
Classrbbr(lhr) ; ^ 

Laboratory (2 hrs) 

Instructional Goidance 

Enphasize importances of conect nachine adjuaODent and discuss shop 
safety .applicable to arc welding equlpsent. Make outside assignment , 
t?_???d_3ABRS3i;a:-SG-302.and Chapter 6, para 15. thru 23, Modern Welding. 
Atoinister appraisal test upon'CO^letibh of this asslpent. Caution 



PLAN OF INSTRUCTION NO. 3ABR53131 



P^^^ 23 Sepceiber 1975 | Bt-OotNO. m 



PAGE NO. 21 



ATC ^^^^ 337 

MAH7J ^ 
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PLAN OF INSTRUCTION (Continue<0 



UNITS OF WSTRQaiON AND CRITERION 03j=C7w£S 



DQRATION 
^ {HOURS) 



Support materials and guidance 



identification and Selectioa of Electrodes 



I. _ Given military .specif icatioas, select 
lend.^ the types of arc welding electrodes 
It error. 

>• Given AWS numerical and color coded 
», select and identify_the types of arc 
{% electrodes without error. 



..6_. 
P/2} 



Students not to mark or write on any training literature as it is to be 
reused by siibsequent classes.. 



Column 1 Reference 

2a .... 
2b 



STS Reference 



22d 

22d 



Instructional .Materials 

3ABR53131-SG-302, Idenciiication and Selection of_Electrodes_ 
T0_34W4-l-8,_.Use of Welding, Brazing, and Silver Soldering Electrodes, 

Rods and Wires . 
_Tb_34W4-_l-5. 

Modern Welding (Chapter 6) ' 
Audio Visual Aids 

Chart: Color Code Classification of Electrodes 



Trailing Methods. . . 
Disciission (1 hr) 
Performance (3 hrs) _. 
Outside A^signxoent (2 hrs) 

Ins t ^uct ibhal Ehvlrdhment/Design 
Clabsroom (l_hr) 
Laboratory (3 hrs) 



Instructional Guidance ' _ _ _1 _ 

Qnphaslze. the. importance -of the correct selection and use of electrodes. 

i^'i.color markings of the various electrodes. 
Make.outsida assignment to read 3ABR53i31-SG-303 and Chapter 5, para 
11» Ifcdern Welding. Administer appraisal test upon completidn of this 
assigiunent. . . 



INSTROCTION NO. 3ABR53131 



P^TE 23 September 1975. 



BLOCK NO. HI 



PACE NO. 22 



15 • 



f>fieyioys_eDiTiONS obsoj-ctc. 
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PtAMOFINSTRUaiONICbntinued! 





DURAT4DN 
. (HOURS) 

2 




UNITS OF INSTRUCTION AND Cmim OBJECTIVES 

i: 


SUPPORT MATERIALS AND GUIDANCE ' 


3i Stringer Beads M Biildtng Jfp Worn 
• Surfaces : * 


8 

■ (6/2): 


toim I Reference SIS Reference , 
r3a / 32, 3b, 22e \ ' 


a«.:. Given.Betalllc arc welding equipment: 
Sid'i^bon sCeel spec&iens; seC iip ei^loy 
proper welding techniques building up flat 
and t»om surfaces, free of undent » overlapi 
and slag Inclusions for a total coid>ined 
distance of no less than 3/4 of the length of 
the specinen, excluding. the first 1/2 inch, 
start and the last 1/2 Inch finish. All shop 
daicLj ) gvwu npusciLeepingi onn lire prevention 
ieasures lust he observed, ' ■ ; ... . .. 


Instructional Materials * • 
3ABR53131'S(r303; Stringer Beads, aiid Building Up Hbrti Surfaces , 
T0.34WR^S. 

Mbdern Welding (Chapter 5) 

Training Equipasnt ' ' * 
Arc Welding Booth Coiplete (1) 
Toolkit (1) ■ 

Training Methods 

Discussion/Desonstration (1 hr) ; 
Perfora^ce (5 hrs) 
Outside Asslgnioent (2 hrs) 







Instructional Enylronpent/Pesign 

•Classroos hr) : . ' *■ 

Laboratory (5.5 hrs) 

Instructional Mdance 

Qsphasize safety in the* operation of arc welding equlpnt. Discuss o 
veldlng techniques lu buildlng_up flat and vom surfaces. Make outsld^ 
asslg^ent to read 3ABRS3131-SG-304 and Chapter 5; Modern Welding. 
Administer. appraisal test. upon. coinpletlon of.thl:> assignment. Instructor 
vtll use "Quality and ReliaBillty Assurance Handl-ook H-56, Arc Welding" 
(Chapter 4), as an additiona^reference thrbu^:*ut Block lit, . Emphasize 
conservation of electrodes - asodmui length of 2-'!nch stubs; 



1^ 
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PACENO. 23 



^'^^ MAR 75 
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PLWOFlNSTRUaiONtContiriJS) 



UNITS OF INC-TRuaiOS AND CRITERION OBJECTIVES 



h FiUet Welds in the Flat HorlzoaEal 
Fositios 

a. Given netallic^ arc welding equipment 
and carbon steel sheet specljnens; sec up and 
aake fillet welds in the flat position, ftee 
of excessive penetration, overlap, csdercur, 
and slag inclusions fbr a total conbined 
distance or no less. than 3/4. of the length of 
the speciaen excluding the first 1/2 inch start 
and the last 1/2 iach finish. AH shop safety, 
good hoos^eepiiig, m fire prevention aeasures 
naist be observed. ' . 

b. Given, metallic arc welding equtpioent 
and carbon steel sheet specinens, set up and 
make fillet welds in the horizontal position, 
free of excessive penetration, overlap, 
undercut, _and slag inclusions for a total , 

than 3/4 of Se 
length of the specinen, excluding the first 
1/2 inch start and the last 1/2 inch finish. 
All shop safety, good housdceeplng; and fire 
prevention ineasures oust be observed. 



. (HOURS' 



PLAN OF INSTRUCTION NO. 



3ABR53131_ 



18 



(7) 



SUPPORT MATERuiS OUI Damce 



irence 




STS Reference 
3a, 3b, 

3a, 3b, 22k • 
^nstfBet-ibnal Materials • 

™ ^ fiwijOKal Position 

Ilodern Welding (Chapter 5) ■ ' 

Training Equlptnenc 
Arc Welding Booth Co^lete (1) 
Toolkit (1), 

Iraistng Methods 



Discussion/Demstration (3 hrs) 
Perfonance (11 hrs) * 
■3utside Assignment (4 hrs) 



\ 



\ 



• -^tructional Enylroninenc/Desip i 
Classroom (2 hrs) 
Laboratory (12 hrs) 

instructional Guidance 

explain, the requirements for fillet welds 
nave each student dean.each bead prior to the next pass. Make outside 
assignment to read JABRSJlSl^SG^SdS and Chapter 5, Modern Melding. 
Administer appraisal test up&n coiipletioh of this assignment. Emphasize 
conservation of heavy plate. o ^ 



OAtjt 



43-Septeaber 1975 



BLOCK no; 



III 



PiCENo: 24. 



pjfvfous editions oesotw; 



(Find w4cdM i» inttudt mn 






PLAN OF iNStRUCTldN (Continued) 



ITS OF INSTRUCTION AN*; CRITCRJON OBJ£CTlV£J 



t- Joints -of Ca::oon Steel Plate 

Given pwer shears, grinding equlp- 
d metal speciaenSy set up and prepare 
or wciding^ liW TO 34W4-1-5. All shop 
good housekeeping, and fire prevention 
most be observed. IJ."; 

Using a -list of state^ents^ select 
cification llnits pertaining to vielding 
th 752 accuracy. 

Given netaliic arc welding equipment 
steel plate specinens,* set up and 
t joints in the fiat position with 
^tration, free of undercut ♦overlap , 
inciuaions, for a total combined 
of no less than 3/4 of th length of 
imen excluding the first 1/2 inch 
d tiie last 1/2 Ijich fii^s^^ ?^°P_ 
good housekeeping, and fire prevention 
must be observed. z 



DURATION 
(HOURS) 



STRUCTtON NO. 3ABR53131 



19 
(15/A) 
(.5) 



(.5) 



(14) 



;U='ORT MATERIALS AND COlOANCE 



Coluam 1 Referen ea^ 

5a 

5b 

5c 



STS Reference 
23, 3b. 22f 
22g 

3a, 3b, 22h 



Instmctional.Materials _ * _ _ _ _ _ __ 

3&BR53i31-SG-305, Butt Joints of Carbon Steel Plate 
TO 34W4-1-5 _ _ : 

Modern Welding (Chapter 5) ' 

Audio Visual Aids . 

Fil-;: FLC 16-203, Prevention and Control of Manual Arc Weld 

Training Equipment 
^c ?elding Booth Complete, (1) 
Grinders. (4) ■ . . _ . 
Tensile Tester (12) 
Trainer: 32±8 Electrical Weld (12) 
Power Shears (6) ' , 
Toolkit (1) 

Training hethods . __ . . 
Discussion/Deso (1 hr) 

Performance (14 hrs^. . _ 
Outside Assigns^ht (4 hrs) 

Instractional Ehv lroa 
Classroom (»5.hr). 
Laboratory (14.5 hrs) 

Instructional Guidance 

Emphasize, safety in the use of power shears and. grinders.* Explain the 
veld requirements for heavy steel plate butt joints. Make outside 
assignment to read 3ABa53131-SG-3b6_and Chapter /S^.^dern Weiding.- 
Administer ^ppralsal test upon co^ of this assignment. : 

Instructor will utilize tensile tester to.pull velded coupons. 
Emphasize cbnservatibh of large diamter electrbdes,- 



OATE 23 September 1975 
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PACE NO 
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PLAN OF INSTRUCTION (CeiifM 



UNITS Of INSTRUCTION AND C^Teiii W OBJECTIVES 



6. Butt Joints of Cwbon Steel Sheet 

a. Given netaliic Kc wiaag eqtilijiiieiit 
and light gauge carton' steel sheet speciaens^ • 
set up and TJell butt joints & the flat 
position, with lOOJ jecetraticir, free of 
undercut, overlap, and slag iacltjsloiis for a 
total coi^ined distance bi tio less than; Ifi 
of the_ length of the speciwn, Kcluding the 
first 1/2 iiich sta^t an^. CM last 1/2 inch 
finish. All shop safety, good housekeeping, 
M fire prevention neasures sust be observed. 

}_•___ ?i^?_oetallic arc welding equipment 

and heavy_c«bon steel sheet speciaens, set . „ 
-^H«^^^tt Join^^ the" flat position, 
with lddj penetration, free of imdercut, 
?'*?^!Pi W^Al^l inclusions for a_ total 
combined iistance o: no less than 3/4 of- the 
j^?Jp?';ifflM^.e»:lu^ the.first 
1/2 inch start and ^e last 1/2 inch finish. 
*y_.!^°P J8^2ty.,_good housekeeping, .and fire 
prevention measures mt be observed. 



Heasuiitaent and Critique 



PLAN OF INSTRU CTION NO. 3ABR53131 



OURATJON 
JNOURS] 



■"22 
(16/6) 
(6) 



(10) 



SUPPORT MATERIALS AND CDI5ANCE 



^sl™a4 Reference S!S Reference' 
3a, 3b, 221 
3a, 3b,, 2a 



6a 
6b 



Mtructional Materiais 

3SBR53131-SG-306, Butt Joints of Carbon Steel Sheet 
TO 34W4-1-5. 

Modern Melding (Chapter 5) 
Sudlo Visu al Aids 



Slides: Butt Joints 



Training. Eqalpment 



Arc Welding Booth Cocplete (1) 
Grinders (4) .. — 
Power Shears (6) 

Trainer:. .3218 Electrical Peld (12) 
Toolkit (1) 



Discvssion/DesBnstraflon (2 hrs) 
Perfoniance (14 hrs) 
Outside AssignMnt (6 hrs) 

tnstnicttonal £n\dronaent/Desip • 
ClassrooB (1 hr) 
Laboratory (15 hrs) 

Instructional Guidance 

Waasize safety in the use of power shears and grinders.' Explain the 
weld requirenents for butt Joints of steel, sheet. Me outside 
assignoenc to read l^R53131-SG-401.and Chapter 5, Ilbderh Belding. 
Administer appraisal test iipbn completion of this assignment. Emohaslze 
proper joint spacing to conserve filler rod. * 




PH^IM OTIQNS OeSOLCTC. 



1. FtHet Wdds is m Vertical Position 

a. Given lecallic arc veldlsg equipoent 
and carbon steel plate spednenSj set. up dni 
make fillet welds in_tlie^vertlcal position, 
free of undercut, overlap^ and slag inclusions 
for a.total coi^lned distance of no less than 
3/4 of the length of the speciaea, excluding 
the first 1/2 ^ch start and the last 1/2 inch 
:inish. AU shop safety, good, hotsekeeping, and 
fire ptevegdon ieasures list be i^setved* 



: PLJN OF INSTRUCTION 



BLOCK TITLE 




ig Specialist 



Jpedal Metallic toe and Resistance Velding Spplicatldns 



UNITS OP iN$TRuaiON AND CRITERION 08jEr»V!S 



DOiUTiON 
(HOaRS} 

2 



16 • 
PA) 



S.P^ORT MATERUKANDCUiOANCE 



Colunm 1 Reference 
la 



Reference 
3a, 3b, 221* 



Instructi onal Materials 

3M313HW.01, FUiet Welds in the Vertical Position 
I°.^?**^"5> Jelding thebry and Application 
Mbdern Welding (Chapter 5) 

training. Equipment , 

Src Welding Booth Co^ilete (1) 

Trainer: 3218.Eieccricai Weld (12) 

Power Shears (6) . 

Toolkit (1) 

Training Methods . \ 
Dlscussion/Deiwastration (1 hr) 
Perfprmance. (11 hrs). . . 
Outside Assigniaent (4 hrs) 



Instructional Envtr^ paent/Design 
Classroom (.S_hr). 
Laboratory (11.5 hrs) 

Instructional Guid2^% 



Emphasize welding. safety appiicabl| to vertical position welding. 
Explain veld wqiiireiehts for fillet welds. Make outside assignment \ 
to read 3ABR53131-S(r4b2.and Chapter 5, Modern Weldin«/ Administer 
^PP^^^^^.^.^.!t_"P9B ?^l?tlon of . this assignaent.. Caution students not 
to mark or write on any training literature as it is to be reused by 
subsequent classes. Stress maadnua utilization of entire Joint length.' 
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PLAN OF INSTRUCTION (Continue* 






■ DQRATiON 

- (HOURS) 
2 








liNits OF iNStRiictibN and cRitERibn obJectues 


3 


SOPPORT MATERIALS AND COlDANCE 


2^ Fttiet Weids tn the Overhead Foslcloii 

a. Given metallic arc veldlng equipoent 
and 'Carbon steel plate specimens, set up and 
sake; fillet welds tn the overhead position, 
free of landercuti overlap, and slag inclusions 
fot'S total coi>ined distance of no .less than . 
3/4 of the specinen, excluding the first 1/2^ 


24 

:(l8/6) 


Coiuin 1 Reference St^ Reference ' , ' 
2a . 3a, 3b, 2^ ' ^ 

Instructional Materials r V 
3ABR53l3i-SW02| Fiiiet Welds in the Overhead Position 
T0-34W4-1^3 ".v ■ . 
Modem Welding (Chapter S) 


'Inch start and the last 1/2 inch finish. All^|r 
shop saf ety^ good houseIce|ping| and fire 
prevention oieasures isost be observed. 




Training Equipment 

Arc Welding Booth Co^lete (1) 

Trainer: 3218. Electrical Weld (12) 

Power Shears (6) 

Toolkit (1) ^ - .: • 








Training Methods 
Discussion/Deionstration (1 hr) 

Performance. (17 hrs) 

Outside Ssslpienc (6 hrsj 








Instructional Envlronaent/Design • 








Classroom (.5 .hr) 
laboratory ,(17; 5 hrsj 








Instructional Guidance _ . . 




f -. -< • ' 
' '• , * 

' • ■ ■ . . 

\ • * . . ^ 

: - . ■ ) • 
.J . ' . - • 




Emphasize welding safety applicable to overhead welding . Explain veld 
requirements for overhead position welding. .Make outside assignment to 
read 3ABR53131-SG-4D3 and Chapter. 18, para 60 thru 67, Modern Welding. . . 
Administer appraisal test Qpon. completion. of this assignment. Emphasize 
short arc length to conserve electrodes. ' ' / 


. . * ' ' ' 
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PLAN OF INSTRUCTION NO. 3iBRS3131 


i^ATH M September 1975 


BLOCK HO. IV- 






PLANOFIHSTRUCTION(Conilniifd| 



UNinOFJNSTRUCTlON AND CRITERION OBJSCTivEi 



DURAT40N 
, (HOURS) 



5;jP?0RT.MATERlALS AND CUIDANCE 



3. Pipe Joints 

a. Given DCttllic arc welding eqtstpirac 
and carbon steel pipe speciiaenSi set up and 
weld pipe joints with iOOZ penetration, free 

slaginclusions, for 
a tbui_ combined distance of no less than 3/4 
of the length of the weld, 311 shop safety, 
good housekeeping, <and fire prevention measares 
lust be observed. 



... - 1. , . 



8 

■ (6/2) 



Coli m 1 Referenc e SIS Reference 
3a 3a, 3b, 22n 

Ingtruetlonsl Materials 
3ABR53131-SG-403, Pipe Joints 

Mbderii Welding (Chapter 18) • : 



Chart: Pipe Welding - Welding Sequences • : : ■ 'y. ■ '■■ ;'• • 

training EquipneDt 'v' 

Sic Felding Booth Complete (1) — • 

Power Saw. (12) 
Grinder (4) . 

Tooiicit (1) ■'■■'.r, ■, ... ■ '^'v-' '^.'v;-- 

Training tfethods • ■ . . " 

Discusslon/Deinbnstrat^^^ . ■. 

Perfqrfflance.(5 hrs)__ _ 
Outside Assipieiit (2 Hrs) 

Instructional Env lronn e nt/D c slgn ■ 

Classroom (.5 hr) . ' ' ■ '-r 

Laboratory (5;5 Hrs) 

Instruction al Guidance . ' ■ - - "'. • r ' 

— — — _ _ — , -t*' - 

EE5)hasize.welding.safet^ and Jcint. set-op procedures;:, Make outside - > 
^^ipentjo read 3HR53131-S^P4: and Chapter 18, para 13 thniiS, '': ^;^. 
Jiodern Welding. Adninisror appraisal test upOii cbi^letibn of this : 
assignnent. Eiphasize proper' joint fit-up to conserve welding tine i." '"' 
and material. " , . .' : 
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PLAN OF INSTRUCTION NOr 



^^^^ 23 September 1975 



BLocicfio: 



pacen6.'-29, 



1 ERIC 



MAR 7) 



FJievidus eojtioiis oaie:.rc. 

tU.S.6^t tl7)-77S*40);l29 



([FinQ|%.B4X'*8X10)^ 



IS- 



PtANOFINSTRUaiOH(Continut$ 



1 • 



UNiTS OF iNSTRUCriON AHD CRltERlON OBjECtivES 



- (HOURS) ' 



3 



Support materials ano guidance ' , 



4. Seat and Conoston Resistant Fsrrous 
Alloys 

a. JivcnJetaUlc «c yelding..^ 
aod heat and corrosion resistant fgrrous alloy 
specinensj jet up and veld butt joints vith 
lOOS penetration, free of trndercnt, overlap, 
and' slag inclusions for a total coniblned 
distance of no less than 3/4 of the lensth of 
thejpecioenp < excluding the first 1/2 "inch 
start and the last 1/2 inch finish* All shop 
Mf?.tZi_g^^_SousSeeping, and fire prevention 
oeasares imist be observed. 



10 

(8/2) 



Colaai I Reference SR4fefereiice 
*a • 34, 3b, 22o 

' ' ' ' 

fegtrucel^ir Katerlals ._ . * ' . 

3ABR53131-SG-404, Heat and Corrosion Resistant Ferrous Allovs'"- " 
TO 341/4-1-5, ._ _ ■ 
Modern Welding (Cliaptef 18) / ■ 

Training Equipigpt 

Arc Welding Booth Coiplete (1) i 
Power Shears (6) ' - ^ • • 

Toolkit (1)*^ ' 

Training Meth o ds- ' " 

Siscossion/Desionstration (2 hrs) 
Performance (6 hrs) 

Outside Assignment (2 hrs) . . > ' 

Instructional, Environaent/Design ' 
Cl??swott tl hr) • . — ■ ' [ 

laboratory (7 hrs) \ ; V ' 

Instruction al Gd'dance ' - A^^'i-'r^v j>VC 

Eophaslie welding, safety and welding techniques for heat and corrosion 
resistant ferrous .-alloys; SaJce outside assignsent to read 3ABR53131- 
SSr5p_5_and ChapterJ?^ .para. 28 thru 31, Hodern Welding./ Administer , 
appraisal ttst upon con^letion of this assig^nt. E^hssize conservatiot 
of heat and corrosion resistant ferrous alloys. 
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PCAH OF iNSTRoaiON>?o. 3^R53j3L ■ ■ 



DATE 



23 Septaiiber 1975 



BLOCK NO, 



PACEN0.;-3() 



PLANOMNSTRUeTldNICflntinjed) 



UNITS OF INSTRUCTiSN AND CRITERION OBJECTIVES 



S, '^CaSE Iron 

■ ?^?^?_?fi_t4nic arc welding equipmnt 

and gray iron_ castings, set up and weld tutt 
5°^?^?_''i^_lpW._p€netration, free of undercut, 
overlap, and siag laclasionSj for a total 
conblaed dlsta^e of no less .than 3/4 _of the 
leogth of the. spec'ioen excluding, the first 
1/2 ihch start and the last 1/2 inch finish, . 
All shop safety, good ioiBekeeping, and fire 
prevention measures aust be "obs^ed . 

...... . , ■ •/•.<»* "^'''..V I**''': *.' *' ■' ' 



OJRATIJN 
. (HOURy 



6 

(5/2) 



SUPPORT MATERIALS ANOClilOANCE 



Colm I Reference STS Reference 
5a 3a, 3b, 42i 

Instructional Materials , > 
3ABR53i31-SG-405, Cast Iron ' ' 
lb34W-l-5 ' 
Hoderii Welding' (Chapter 18) 

Training Equipment . 

Arc Welding Booth Cbiiiplete'(l} 

PoverS^Jl2) ; 

Grinders (4) • ; 

Toolkit (i) 



Training Methods 
Disctjssion/Deffionstration (1 hr) 
Perfpraance (3^hrs)".;. 
Outside ^ssigns^nt (2'hrs) 

Instructional Esvirotiient/Deslffl ' 
ClassrooiD (\S hr) 
taboratory (3.5 hrs) 

lastmctionai Gatdanee 

Emphasize welding safety applicable to.cast iron. Stress the i^ortance 
of proper weldingjechnlques for cast: iron, Me outside aasignocnt to 
read 3ABRS3131-S(^406.,fla^ 13, 14, and 20, Modern Welding. 
Adfflinlster appraisal test upon cdipletion of this assiganent, 
Eaphasize conservation of cast iron and cast iron electrodes. 



PLAN OF INSTRUCTION HC. 3A BR53I3I 



^^^^ , 23 Septeaber 1975 



BLOCK NO. IV 



.PACE NO, 31 



ERlC?if» 337* 



PtW OP INSTRUCTION (»e(|) 



UNltS OF iNSTRUCtlON AND CRITERION OBJECTIVES 



. (HOURS) ■ 



SUPPORT MATERIALS AND GUIDANCE 



6, Hard Sarfaclng^ Cucctngp and Resistance 
Welding Z^' 



a.. Given a list^ identify. procedures 
pertaining to tiard surfacing \mrlous iiietals 
Vitii 75X accuracy.; /\ - , 



b. Using a_ll8t^ identify procedures 
relating to letalllc arc ciittlng operations 
with Ui accuracy • 

"c. Giv€n welding equlpiaent and ferrous 
aiid noiiferrous ietal specliiiensi set tip 
operate resistance spot.welding.equlpioent lAM 
Chapter 13 of Mm Welding* All shop safety, 
good housekeepings and fire prevention oeasures 
lust be observed. 

d* Given tensile test equlpslent arid 
finished velds, while obsendng v^ll shop 
safety, set tip and test resiistance spot welds 
for strength) porosity, nugget size,, and shape* 
Two of three welds Siist conform to the proper • 
strength requirements, nugget size, and shape, 
and be ^ee of porosity Wl Chapter 13 and 14 
of Modem Welding. ; ^* 

e. Given equipment, while observing 
gU shop safetyjneasures, ^rform operator 



lalntenance of .reslstuce spot welding inachlnes 
ISff TO 35W$-l-5. N^v -; 

7. Belated Training (Idintlfled In coarse 



8* ;::^ea8ureBent and.Crltiqua^-r*" 
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(.5) 



(.5) 



^(1) 



(1) 



■ " 1 



Colm 1 Reference ■ S TS Refer e nce 
6a 22£ 
6b m 
6c , 3a, 3b., 24a 
6a ' 3b, m 
6e . ■ . 3b, 24c . „ 



InstructlonaLMaterlals _ 



3ABR53131-SG^, HarS Surfacing, Cutting, aad Resistance Mding ■ 
■Td:34W4-_l-5: 

Mtsaerii Welding (Chapters 9, 13, 15, and 2D) 



Tratniiig Eqiiiproat 
Spot Mder (12) 
Foil Welder (3) 
Tensile Tester (12) 

Training Methodi 
Discussion/Diiaonstratibn (2 hrs) 
Perforaance (8 hrs) _ _ 
Outside Ssslpiient (2 hrs) - ' 

Instfucttonal EnviromeBt/Besigfr 
ClassrooB (1.5:hr8)y 



i Laboratory (8.5 hrs) , 
Instructional Guidance 

Enphasize safety In the operation of spot welding eqaipment and explain 
velding requlrelaen^ read 3ABR53131-S^S01 

and Chapters 11 and '12, Modem Welding. Eophasize proper use and care 
of resistance welders -and test equlpaent to reduce operational cost. 
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Metals Prbcessififr Specialist 
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BLOCK TITLE 

Introduction to f4fitaiiic Arc Weldin/r 


CesSON TITLE 

Principles of Operation and T^Taintenance of Arc Welding Machines - 
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OATE 
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COU I PM E N T J_OC ATE O 
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1* toe Welding Equip 
ment consisting of 
Booth, Electric 
Arc Welding Machirje 
Protective Equip- 
ment, Arc Welding 
Cables and Weldinj 
Table. 



_FCJU»PNLEJsiT 
PROM SUPPLY 



'ooikit 



ly^Ccon^ on reverse) 



Ct-ASSlFlEb MATERIAL 



ITone 



C; R A P Hi C Al OS A NO 
UNCL ASSIP ich MATTRiAu 



\. 3ABR03131-SG-3O1 

2. TO 3iiV/U-i^5 • 
3 Ifodem Welding 

(Chapter 6} . 
U. Chart:. :CC7l;-225 
Arc Welding 
Machine Controls 



CRITERION OBJECTIVES SNP TEACHING STEPS 



ati Without reference, state i^he principles of operation arid uses of arc velding 
. machines with 75 percent accuracy • * 

h. Given equipment, viiilc observing all shop safety^ set up and adjust an arc 
welding. machine prcpaxatoiy to welding lAW TG 3^Wif-i-5» 



c. Given equipment, while obsoriring all s'hop safety, perfoim operator ihaihtehancc 
of arc welding inachines JAW TO 3UwU-i-5* 



Teaching steps are listed in Part 11 i . 

i^c EQTJIPHENT LOCATED 

^ IN LASOHATQRY Ccbl-TT ) 

. .. ' - » 
^ . -I 

2; Trainei: 3218 * .Electrical Weidi 
3i Trainer 32 15 Eleetricai j 
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INTRODUCTION 



TIME: 10 Mih 



Atteritibn: 



Review: 



Overview: 



'During, your last,- lesson yoir ie^^rned and applied the fandancntais 
and principles of hard surfacing. 

Upon cdmpLetion of this lesson^ students will learn the 
prihcipics of operation and maintenance of arc welding machines. 



Mbtivatibh: 



BODY 



TIME: 2 hrs 40 miri 



PresentJition: 



Ref Objectives la^ b and c. 



1. Students will discuss and learn 
the principles of operation and use 
of electric arc welding machines. 

a, Fundanientals of electricity: 

. (1) Electrical current 
has a positi\"e and 
negative tenninai or 
pole. 

(2) Polarity is the direc- 
tibn of current or 
^ electron flow. 



Demonstrate polarity and current 
flow oh Trainer 3219 electrical. 



(3) 



(a) Straight polarity 
has the electrode 
negative, and the 
work positive, 

(b) Reverse polarity 
has the .electrode 
positive, and the 
work negative. 

Electric circuit — A 
con.pJete conducting 
path over which an 
electric current flows. 



(A) Eiectrbmotive Force (£!fF5. 
or volt — the push or 
pressure that moves the 
current. 



(5) Arapcre — the rate of 
electron or current 
flow past a given 
point per second. 

(6) Dhm—tfie unit of 

i resistance to current 
flow-calculated by 
voltage divided by 
current. 

(7) Arc stream^-A break or 
gap in an electric 

c i r cu i t wh ich cur r en t 
flows or jumps across. 

Types of welders: 

(1) ' Trans former type AC 
welder 

(a) Most commonly used 
AC welder. 



(b) Host ecphbini^al- due_ 
to its lower initial 
cost and IdweiL Jnaih- 
tehahce cost. ^ 

(c) Rated in araperses — 
100 to 1200 amps. ^ 

(d) Main parts include: 
-J^. Transf driver. 

2^. Frame. 

Ventilating System. 
4. Shell. ^ , 

5^. Adjusting Mechanism. 



(2) Ae-ne welding machines ' : miE: -Use Flip- Chart 

produce both currents ^CC7^225 
through the use of a - . 

rectifier. 
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. (3) Se Welders 

(^i) Driven by suitable 
tiidtive power: 

•J^, Gasoline chsihe. 

- 

Diesel engine. 

5. Electric motor — most 
widely used DC welder 
• ^ in Air Forcci. 

(b) Variable Voltage Type: 

V. Automatic voltage 
control. 

1. Manual Amperage. 

(c) Dlial Control Type:. 

— — ■_- — 

X. Manual voltage 

control. ' - ^ 

2. Set up and adjust welding machine 
preparatory to welding. ^ • ^ 

_" ' _ . * 

a. Current setting determined by: 



(1) Size of electrode. 

A, 

(2) Thickness of metal. 

; (3) Skill of bperatbr~ih. 
general^^the proper 
current settings are 
bbtainied from experience 
and should be adjusted 
. to fulfill the reijuire- 
ments^df th'e particulaxi 
welding bperatibn. 

b. Fbrces respbhslble fbr metal 
deposition are: 



Verify- importance -tb_prbper 
set-up_ machine adjiis tmetit-^ 
and welding by shbwlhg 
various welds located on 
trainer 3218, Electrical Weld- 



(1) - Gravity — the princi|^le 
which accounts for the 
transf'br of molten metal 
in the flat welding posi- 
tion. . 



(2) Cks Expansion—;! ga^ 
. producediby the burniTig . 
\.\ of the electrode coatin'g 
► which expands from the' 
heat at the electrode 
tip and helps to project 
the molten globules of 
metal and slajg away from 
* the electrode tip and 



into the mbltzeh -pool, 

(3) ^ ' Electric Force — the force 

produced by the- voltage '- 
across the arc that pulls 
the pinched off globule 
:V ,df metal into the molten 

pddl'-regardless of welding 
. position. 

(4) Electromagnetic Forces— the 
forces tfm.t produce a 
pinching effect on the 
metal globule and speeds : 
the separation from the; 

' <7 end of the electrode. 

■ ■ . _ _ _ • f ^ 

Surface tension— the force 
which keeps the filler 
metai and slag in contact 
with the molten base metal 
in the arc- crater. 

Magnetic Arc Blow 

(1) Erratic shifting of the arc. 

(23^ Induced by DG current. 

(3). Overcome by: 

(a) Changing position 
^ of .the ground. 

^b^ Changing angle of the 
electrode. 



(c) Change to AC as a last 
resort. 
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. d. l^ft^ot factors detcrmlriitLg the 
the quality of the weld as 
outlined by 'the GLASS rule: 

(l) Current setting, 

(2) Length of arc. 

(35 Angle of electrode • 

. ' - (4) Speed of ^Cftvel. 

(5) -S'electioti of electrode, 

3. Perfbrm operator ihaintenance of 
arc welding machines: 

ai Before servicing an arc 
welding machine, all elec- 
tricity must be turned off. 

b. As us^d: check cables* grbtihd 
ffdd electrode holder. 

-c • 9*0 Weekly: "check for loose nuts^ 
-^ ^^^bipits, scret^js -and parts. 

d. _ Monthly: - blow out ail dust by 

using dry_ compressed air and 
remove all grease and oil 
residue. 

e. Semi- annual: lubricate using 
only grease specified by the 
manufacturer. 

f. . Contact points that are pitted 

should be filed smooth. 

g. Contact points that" are badly 
■ Burned will be replaced; ; 

h. Major ncjintenance: to be per- 

. formed by a qunll^f ied electrici 
only. 

4. Safety, Precautions': ' 

a. While arc welding ^ ' ' 

(i) Eye protection 
C2) Shock hazards . 
(3) Protective clothing 



ERIC 



b« Shop area 



(1) Kb horse play 

(2) , Handling of hot metal 



(-3-) — ^Priyper us^e of macTirnes 

and equipment 

' (4) Other safety precautions 

. _ ; ■ 3; 

Application: 

1. Students will participate in miking 
minor checks on arc welding machines 
cbncerhihg electrical contact points 
and cleaning. 

2w.; Each student will receive a carbon' 
steel plate x 6 x 6 for practice 

on adjusting the machine arid learning 
to get the arc started, 

Evaltiation: 

1. - Instructor will check students on 
their performance of their inspection, 
cleaning, setting up and using the 
electric arc welding machine and 
applicable^^equipmeht lAW 34W4-1-5. 

2. Given a series of questions, 
, students must answer correctly a 
minimum of 75% of all questions, 

a. What is a duat control arc 
welding machine? 

*Ah arc welding machine that 
ha-s two separate manual controls 
for adjusting amperage and volt- 
. ' age, 

bi " How is the amperage controlled 
on a dani control machine? 

— ^_B>:_a,:separat e-jnantK^ 



c* How ih the amperage controlled on 
a single control machine? 

,*By an automatic control. 
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How are tlie cables cbtiriected 
for Direct Current Straight 
Polarity? 

*Eiectrode 'is negative; work 
is positive. 

How are electrical contact 
. points that are pitted serviced? 

^J^^y..^lii^Z^^o^oJ^_^ 

How is arc blow controlled? 

*Either by changing position 
of ground i or changing: angle 
of electrode. 

How are the cables connected 
for Direct Current Reverse 
Polarity? 

^Electrode is positive; work 
is negative. 

What iiust be checked daily 
by a welder? 

*Cables/ ground and electrode 
holder 

What is electric forces? 

*The forces produced by^ voltage 
which pulls the globules of 
flidlten nfetal ihtb_the_inblten 
pool regardless of weld position. 

What deterrnines the type "'of: 
grease to be used 'on welding 
insKthines?. 

*The type specified by the 
manufacturer. * 

What ericbi>ra|es the flow of 
electrons across the arc? 

*Voltage or electromotive force 

What effect docs a long arc have? 



*Spattcring, loss of puddle 
control and poor penetration. 

" 7 
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mi l?hat is isurface terisidh? 

n# Iftat .are the /ainperage and 
voltage requirements of a 
welding tnacKinei 

c 

*Lbw voltage arid high amperage. 



Where is the beat generated 
when arc welding? 



^Between the end of the 
electrode and the base inetal. 

p. What determines the amperage 
setting? 

*Size of electrode thickness 
of base metal skill and 
experience of welder^ 

^> ^W hat^^ the first step befor^ 
perfbrmihg maintenance on an 
arc welding machine? 

*Disconnect: electrical power. 



CONCLUSION 

Summary: 

1. Fundamentals of electricity: 
a. Electrical Circuit. 

• b. ' Electrbrabtive Fbrce (EMF). 
c. Ampere, 
di Olxmi 
c. Arc Stream. 

2. ^ Types bf welders: 

a. AC Trahsfbrmer. * 



.-"I 



b. - AC-DC Rectified. ; ' 

c. DC Generator, - , ^ 
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3. Set up and adjustment of welding ni*ichines: . 



, a. Ciirrcht settings, 
b. Forced In the arci 
A. Operator Maintenance 

Assignment: 

1. Read 3ABR53131-SC-302, 

2. Read MWHB, Chap 6, para 15-23^. 

Reico t iva tioii.: 
Closure: : 



\ - ■ 
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INTRODUCTION 



TIME: 10 Hln 



AttEJTiON: - 



REVIEW: During bur last lesson we learned the principles of operation 

'and- maintenance of arc welding -inachihes, Evalua:te outside 

assignment and critique missed items. 



OVERVIEW: Upon completion of this_ lesson, students will learn the identi- 
- ficatibti codes of metallic arc welding electrodes and able 
to select proper electrodes for given welding operations. 

fiSTIVAfiON: 



PRESENTATION ; 

(Refer objectives # 1 & 2) ; 

• Types of coatings on electrodes 
and types of electrodes 

" a. Designed with wire core and 
coated to allow for preven- 
tion of ojcides "imtd nitrides 
which cause brittieness in 
the weld 

b. Types of electbdes 

(1) Safe-used with DC 
straight polarity when 
presence of slag is - 
undesirable and removal 
of slag is libt feasible 

(2) tight coated 

(3) Heavy coated 

c. Types bf Cbatings 
CD Cellulose 



BODY TIME: 3 Hrs 40 Hin 



Ca) Derived from wood 
puip, sawdust i 
" cotton or compoisi- 
tions of raybn 

(b) DC Reverse Polarity 
O * - ' , <^^rrent • 



(c) Protects weld with 
slag 

(25 Mineral 

(a) Many diifferent 

- tj-pes such as potas- 
sium ^ natural sil-i-- 
catesi as asbestos 
■ ^jjg clay 

(b) Used with DC Straight - 
Polarity 

(c) .Purpose is to protect 
the weld 

(d5 Burns at a lower temp- . 
erature 

2p Select and identify electrode types by: 

a. Military specifications 

a) TO 34W4-1-5 and -8 

(2) Air Force Supply Catalogs 
identify arc welding elec- 
trodes by Military Specifi- 
cation Numbers such as MIL- 
E1559? • 

b. AWS ^femericai and color code 

(1) Four digit code 
. ' Example - E6013 

(a) _ Letter (E) stands for 




electrodes 



(b? First two digits (66) 

indicate PSI in thousands 

(c) Third digit (1) indicates 
the Recommended pdsitldn, 
In this case> all posi- 
tions 

1^ In special cases» it 

wUll identify the type 

of flax nnd polarity 
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(d) Fourth digit (3) indi- 
cates type of current 
or coating^ Iti this 
case AC br_ DC Straight 
Polarity which is irsed 
with a Mineral coating 

(2) : Five digit number code 

(a) Is the same as the four 
digit code except that 
the first three digits 
indicate tensile 
. strength in thousands 
of^PSI 

. (b) Electrodes with the 
last digit of 5, 6, 
7 or 8 are low hydro- 
gen electrodes. ^ Exam- 
' pies are E 7016 or K 
347-16 

(3) Color code - 

Primary - Top tip of 
electrode 

Secondary - Spot or 
band on bare portion 
about 1/2" from top 

Group - just below 
the upper edge of 
coating _ 

Special - middle of 
the electrode a manu- 
facturer's tnark| not 
very cbmmbn 

Host coimnon electrodes 

a. E 6010 

(1) No color narking 

(2) All position 

(3) DC Reverse Polarity 



Ca5 
(b) 

(c) 

(d) 



3 
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(i) Cellulose coating 

(5) Best for vertical 
and overhead vork 

(a) Good penetration 

(b) Fas^t Freeze effect 
— -Most— used-elect r^dc - 

. b. E 68if 

(1) Blue secondary 
. (2) All position 

(3) AG* or DCRP 

(4) Designed as E 6010 
^ , exc0pt for use on AC* 

c. E 6012 

(1) V^hite secondary 

(2) All position 

(3) AC or DCSP 

\ (4) Mineral coating 

^ (5) Very good, for pooi; 
fit-u-pls due to less 
^penetration 

♦ 

(6) It is used prinarily 
for carbon steels 

- d. E 6013 

(1) Brown seccndar^jr 

(2) All pdsftidn 
>(3) AC* or DCSP 

Rules for weldin;; 

a* Preparation and alignment 




M 



b; Correct, electrode and cur- 
rent settings 

• » 

c. Fill in craters 



APFfcieATION: 



APPLICATieN: 



Students will be 
given tnllitary speci- 
fications as a refer- 
ence to select, and 
identify the ty p e s 
of welding electrodes - 

:^2. Given AWS numerical 
and color code systesm, 
select^ and identify 
the different types of 
welding electrodes. 

Students will select and 
identify different types 
of welding electrodes, 
without error. 



END OF DAY SLm^Y 



Summary 

a. Types of coatings and elec- 
trodes 

b. Selection and identifi- 
- cation of electrodes 

by means of 

(1) Military specifica- 
tions 

(2) AWS code 
Gblbr code 

c. ■ Most common electrodes 

d. Rules for weldiog 
CTT AssignmGht 

a. Read 3ABR53 131 --50-303 

bi Read htlvllB Chpt 5 para 11 " 



ERIC 



Bi 



TNtRonuciio:: ro new day's ikstructton 

li^ Evaluate CTT assignment, critiqye nissed items i- 

2* Remotivatlcn. Stress importance of knowinj* hov to select and 
identify' electrodes. 

3. Review 

a; Types of' coatings and 
- - electrodes 

b. Selection «nt>d identifi- 
cation of electrodes by . - . ' 
means of 

(1) Military Specifications 

(2) AWS Code - 

(3) Color code 

c. Most common electrodes 

d. Rules for welding 

OVERVIEW: Using AUS numerical and 

color code systems^ * 
select and identify 
arc welding electrodes. 



BODY 



PRESENTATION (Cont.) 



APPLICATION: Given AWS numerical and 
* color code systems/ 

select and identify 
* the different types 
,of welding electrodes. 

EVALUATION: . Students will select 

aruJ Identify differfent 
types of welding elec- 
trbdesi without error." 



CONCLUSION ?IKEt 10 Mlh 

ii-^ Suinroary 

a. types of electrodes and coatlnss 

b. Selection of electrodes by means of ; 
(1> Military Specifications 

(2) AWS Codes ^ • . : 

(3) Color code * : - - 

1 _ <« _1 

c. Host cbnrabn electrodes ^ . 

_ _ _ V 

d. Rules for welding » " , - ' 
2. Assigtuitdnt . Assigtiinent given in end of day summary. 
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• INTRODUCTION ^ TIME:* 16 Min. 

1. Attention: 



2. Review: During yo.ur last lesson you learned the identification and 

selection of metallic arc welding electrodes. 

3. Overview: Upon, cbmpletibn- of this lesson^ students will run stringer 

beads in building up worn surface material. » 

4. Motivation: ■ 

. . BODY TmE: 5TIH^'0"^Siji' 



PRESENTATION: 
(Refer Obj. 3a) 



1. Employ proper welding tecfiriiques in 
, bxxiiding up fiat surfaces. 

_^ • ' 

a. Padding — building up a worn . surface 
or increasing the thickness of the 

:part. - 

b. Metal preparation; cleaning the 
surface by: - ' 

Mechanical Methods . 

a. Wire brushing or buff ing for 
dirty, r-Ssty or scaij^ parts — 
. dirt, rust and scale cause hard 
spots and results in a weaker weld. 

2. eheinical Methods 

\ _ _____ 

i - a. Tri,chldrethylehe_ in vapor 

degreaser for oily or greasy parts-- 
welding on oily or greasy metal 
causes a porous weld. ? ' 

c. Procedures for Padding 

(1) Electrode is held so itwill 
"bite" into parent metal and ihtb 
h of the. adjacent bead in order to 
avoid slag incltxsibns. 

(2) Run beads parallel or right angle, 
longest dimensions first. 



ERIC ^Ot) ; . / 
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(a) :t6ng05t period of time 
between cdnccntrntlbris of 

' . heat 

(b) MininiiziH stresses : 

(c5 Allows time for the work 
to nbsbrb and distribute 
heat 

(3) .fencircle the p'art with a perimeter 
bead. 

(a) Stringer beads are more easily 

^5^€?d__ ^ — : 

(b) .- Possibility of crater cracks 
is reduced 

(c) Controls distortion 

Practice- shop safety in performance of 
required tasks 

a. Use proper gloves for handling metal 

b. tTse pliers for hot metal 

c. Check machine f br^. j 

(1) Cables vit;1i bare wird 

■< . _ 

(2) : VJear on electrode holder - 

d. Keep work area clean 

Utilize health and safety equipment 

a. ' Wear, gloves i apron » and jacket - for 

protection from the arc rays and ^ 
globules cf hot molten metal 

b. Helmet - 

(1) Correct lens number 

(2) . Clear lens fcr chipping 

c. Grinding 
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(1) Use face shield 

(2) •Reiridve jewelry 

-435— -Gl>ec4c--^T-lrKJe-r -v}}^ - i_: 

rest., if wheel needs ^dressing 
or tool rest needs adjusting, 
notify instructor for ccrrcctibh. 

(4) Pay attention to what you are doing. 

APPLICATION: 

1. Students will pad Setni plates using 

stringer beads, ■ ■- : 



2. Students will observe all safety rules 
during accomplishment of project, 

3. Assistance will be given as needed. 
EVALUATION: 

1. Students will be checked for proper 
welding procedure, observance of 
s^ifety, good housekeeping and fire 
prevention measures. Assistance will 
be given as heeded. 



END OF DAY SUMMARY 

SUMflARY 



1. Techniques in padding 

2. Practice of shop safety 

3. Utilization of health and 
safety equipment 

4. Grinding 

CTT ASSIGNflEST: 



1. Read 3ABR53230-S6~304 and 
answer questions. POi Item 3a 

2. Study Modern Welding Handbook 
(Chapter 5) 



EKLC 



S7 



(Hny 3^ 1 hr) . INTRODUCtiON TO NEW DAY'S INSTRUCTION 

^ 1. Kvaluotc jett Assigntnent and Critique 

missed items; - 

"2 r ^em o t i v a L i chri - 

3. Review: 

a. Techniques in^ padding 

,b. "Practice of shop safety 

* c. Utilization of health and safety equipment 



d. Grinding 

4. Overview: Students, will run 5tringer_beads Iti 
building up worn surfaces materials. 



PRESENTATION (continued) 
(Refer Objective 3a) 

APPLICATION ' . 

J- Students will continue on padding 
plate. . 

-2_?L_SJLud_enjt_s_will observe all safety 



EVALUATION . " 

1. Students will complete and turn in to 
their instructor their padded plates 
which must meet clteri?? covered in this 
lesson. Assistar. ^ will be given as heeded. 



' - CONCLUSION TIME: 10 Min 

Summary* 

a. Techniques in padding - : 

b. Practices of shop safety 

c. Utilization of health 'and safety equipment 

d. Grindin;^ 



2* Assignment 

^^^^^ End of fiiy Summary. 
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Given metallic arc weLuing ec^iipineht and carbon steel sheet specimons^ set up 
end aisJce fillet >?eias in^the flat position, free -of -excessive penetration^ 
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than y/hr of length of the spec iiricri,_ excluding the fint l/2 inch start and 
the last 1/2 .-nch finish. MFshop safety^ good hc^iseteepmg and fire prevention 
measiires must te observed. 

Teaching steps are listed in Part II; 
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INTRiSDUetTON 



TIME: 16 Min 



1. Attention: 

2. Review: bliritig bur last lesson we learned to run stringer beads in 

building up worn .surface .material. 



3. Overview: Upon completion of this discussion students wiii set ^p and 

make fillet welds in the fiat and horizontal positions. 

4. Motivation: ■ ' 



BODY 



TIME: 13 hrs, 40 Min 



PRESENTATION: 

(Refer Objectives 4a & b) 



!• Students will discuss ^nd learn_the 
_ p:rTncrp^e's~and~ aeces s ar y " s t ep s" Invo Ived 
tn setMpg up and welding f illet welds 



of. carbon steels in the flat pbsitibn. 

a. Types of fillet joints 

(1)' Lap joint - used where Joint 
surfaces. are not required to 
be flat, or or: the same plane. 

(a) Single lap 



l_ Stresses will occur at 
the edges of the weld 
under fatigue or impact 
loads. • 

2 Plates will pull but bf 
line under tensibri. ' 

. .(b) Double Lap 

' _1 Good^ for sheer and 
tension . 

-2-* Unsuitable under fatigue 
or Impact loads . 



EKLC 



1 



to 



• (2) Tee Joint 

(n) One pin tc is perpendicular 
to the face of anothGt plMte 

(b) .. Very rigid for structural 

work 

(c) May be welded from either side 

b. Set up the weld tee joint in the flat 
position 

(1) Inclined frorn O^ to 15° 

•-^ . ~ . 

^[2i_Bjo.t2LtiQn:zo±_lacc . is l5e°_to ^ . 

210° ' 

c. Welding procedure- 
(1) for lap joints 

(a) Mecal to overlap 3-4T 

(b) Electrode angle 15° to 
- 30 frofn vertical 

(c) Direct, arc to penetrate 
both plates 

^2) For. Tee^Jbihts 

(a) Can be welded in any 
position , 

(b) No bevel on inetal up to 
3/16" thickness 

^ " -: ' (c) Sihglej bevel oh 3/16"' 
. to 378" metal thickness 
with 1/16" shoulder; 
Spacing to be 1/16". 

(d) Double bevei inetal^ of over 
J/8" thickness^ with 1/16"„^ 

shoulder. Spacing is 1/16". 

d.. Weld Specifications 
(1-) For^ Lap Joints 




(a) Upper leg IT 

(b) Lover leg I'jT 
• (c) Tliroat IT 

(23 Fo^ Tee Joint 

(a) ..Upper leg" l!iT 

(b) Lower leg im 
. fc) Throat IT 

APPLICATION: 

.1. Students will set up and weld tee joints 
in the flat -position using strihger beads 
Coreach successive pass, and as outlined 
in SG-304; 

■ 2:._ All rules of safety,- good. housekeeping and 
fire prevention will be observed. 

3. Assistance w.^11 be given as necessary. 
EVALUATION: ' " . ' 

Students wi'il be checked for proper 
welding procedure. 

END OF DAY SUMMARY . 

iSuimnary; 

-1. Types of fillet joints - 

2. Tee "joint in fiat position - . 

3. Weiding procedure ^ : 

4. - Weld specifications 
CTT Assighraeht : 

1. Review 3ABR53230-se-3d4 

2. Modern Welding Handbook 
Chapter 5 ^ 

3 

er|c ' ' 




(DSy 4, 6 hrs) TNTReDUeTieN 10 NEW BiW'S INStRUeTiGN 

1. Evaluate CTT A!5slj:ntT:Dnt 

2. Rembtivntibn ^ 

3. Review: 

(a) Types of fillet joints; 

(b) . Tee joint in flat position 
(b) Welding procedure 

(d). Weld specifications 



4, Overview: Upon compietiori of the lesson students will set up, and 
make fillet ;Welds in the flat and , horizontal position. 

PRESENTATION (Continued) 

2, Students will discuss and learn the 

principles and techniques of setting 
: up and welding fillet welds of carbon . ■ 

s^el in the horizontal position. _ 

(a) Parts ate, inclined 45°_ or iiibre _ 

with the T;eld running .horizontally . ^ 
■ . . i 

(b) Use inuitlpl^ passes as necessary. " ■■ , " 



(c) Use stringer beads, building from 
bottom plate to top plaie. 

(d) Electrode held perpendicular to 
line of weld, bisecting angle " 
between two joint edges.*^ 

. (1)/ Tilted upward 

(2) Directed back toward weld crater 
to' assist in washing slag back, 
" arid filling uridercut. 

APPLICATION 

1. Students will continue to weld tee 
fillet joints in the fiat position, 
while^observing all rules of safety, 
good hdusckeepirig and fire prevention. 

2. Students will _sct_up arid weld tee 
joints in the hbrizbrital positibri^ 
usinR stringer beads for each pass,-^ 
and as outlined in SG-304. 



ERIC 



-J , 

3. Assistance vlll be givoii as heeded. 



EVALUAO^TON : ' • . ^ 

1. Students wiiJ 6c checked for proper 

velding procedure. . 

2; . Each student will complete and turn * 
.'in their fillet welds^ which will meet 
all criterion and specifications out- 
lined^ in this leBSon*. . ^ 

END OF DAY. SLTOtARY ' 

Satnmary: 

1, Incline parts at more than" 
45? ahgJe, weld running 
-horizontally-. "-^ 

2x Stringer beads, multiple t 

passes; ' . ^ * - 

3- Ahgle-and tilt of electrode 

CTT Asslgnneht: 

3* nead 3ABR5323d-SG-3e5 and ^ 
answer questions. 

2; Modern Welding Handbook 
^ Chapter 5. r 

(Day 5, 3 hr) INTRODUCTION TO NEW DAY'S IKSTRUCTietN 

1; Remotivation 

2. Review 

(a) Incline' parts at more than 45^ - / 
ahglei weld running horizontal. 

(b5 Stringer beads, multiple passes 

- ^ (c) Angle and tilt of electrode 

3; Overview: Upon cbmpletlon of the lesschj students will set up and 
make fillet welds in the horizontal posltlbh. ' 




rPESEKTATTON* ^Continued) ■ 
(Rcf Objective 46) 

APPtieATION: 

t; Students will continue to weld tee 

• fillet joints In the horizontai' position, 
whil^ observing all rules of safety, good 
housekeeping and fire prevention. 

2. Assistance will be given as needed. 

EVALUATION:: 

!• Students will be -checked for proper welding 
procedure. 



Training equipment to be used 
at this tiSc include: 



a. arc welding booth 

b. tool kit 



cbnplete 



Each student will coDplete and turn in 
their fillet welds, which will meet all 
criterion and specifications outlined 
in this lesson. 

Students v?ill be given a series bf questions 
of which 75%. accuracy of response is required. 



CONCLUSION 

1. Supimary: 

(a)' Types of fillet joints 



(bj Welaing Tee Joints . 

(1) in flat position 

(2) in hdrizbrital pbsitibn 

(c) Welding procedure?; 

(d) Weld specifications 
2, Assig?iment: 

C?iven at End of Day Sumrnary, 
RmOTIVATION: - 
CLOSURE: 



TniE: 10 Min 
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iChapter^S) 
\x. Film: FLC I6/2O3 
Preventicoi and 
Control of Manual 
"Arc Welding 



CRITERION OBJECTIVES AND TEACHING STEPS 



Siveh po\^r shears, grinding eqiupmeht^ and metal pccimcns^ set up and prepare- 
joints for welding iAW fS 3itWij- 1-5.^^1 shop safety, good housekeeping, and 
fire prevention measures must be observed; ' ^ 



b. Using a list of statcrhohts, select weld spe 
T^lding plate with 7^ accuracy. J 



limits pertaining to 

! 



c. Given metallic arc welding equipment and Carbon steet plate sppcinens, set^tip and 
wcld butt joints in the flat pqsitios^^ith 100^ penetration, free of undercxit^. 
overlap^ and slag inclusions^ fo r_ a _t^tal_ combined distance of no Iocs than 3/U 
df the length o£ the specimen excluding thb first I/2 inch start 'and the last 
l/2 xnch fa^sh. Ail shop safety, ©Dbd housekeeping, and fire .prevention 
mfeasures smst be observed. 

Teaching steps are listed in Part II. ' 



ERIC 



SB 




A- 



INTRODUCTION 



TiFfE: le Hin: 



1. Attention!* 



2. Review: • - During bur last ; lesson ve ie.irncd and applied' Cnchhiques used 

f to weld fllltJt joints' in the fiat" and hori2:dntal pcsitlons. 

— I - - - • * 

3. Overview: .Upbn comp^ this lesson, students v7ill learn and apply 

■ V welding techniques; in malcing butt welds on steel plate, 

4. Motivation: • . ' 



- BODY 

PRESENTATION: ♦ 

Reference Objectives 5a, b, and c 

1- Preparation of Joints for Welding 

"a. Types* o'f joints for butt joints 
of steel plate 

^ ^) Sbubie bevel 

• t * , : 

(2) ^Double vee 
— Si ngle a ud double- U 

b. Double Bevel 

- ' ' (1) Metals , over 3/8'* T 

(2) - Bevel angle 30^ to 35^ 

* ^ P) Used when the Joining plate 
cannot be beveled 

c. Double V : . ^ 

J (1) Differs from double bevel in 
that both plates are beveled 

02) Included angle is 60^ to 75^ 

(3) Used on metal over 5/8" T 

- . ' i 



TIME : 14: :H r S ^i^--Hi n ,; _ 
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d. General ly fcutt joints are welder? on 
both sides. . . 

(1) Easier welded 



(2) - Less, distbttibn* 

(3) Insure better weld metal in 
heavy sections. 



ei The single and double tJ 
(1) . Single U, 



(a) Used^ in place of double V 

(b) * Used on metal 1/2" to. 3/4" T 

(c) More satisfactory and requires ; 
less filler netal than V. bevels 
for heavy sections and deep 
grooves. ' 

(d) Weld is_ mode da one side ^ . 
except last bead which is 
made oh opposite side. 

(2) Double U 

(a) Used on heavy plate over 
3/4" T ^ 

(b) . Requires less filler rdd_ - " 
than sirigle_U 

- (cj Welded on both :sides 

(d) Grooves are made with a Cutting 
torch, or they may be machined. 

Weld Specifications Use : 3lner 3218 

' . Electric Veld 

a. Bead width to be apprbx. 1/8" .. ." 

wider. than original bevel- 

^- 1 to 2 X T. ' ■ " * 

Si- Depth of ^fusion i^ -1/16" mini 

c. Reinforcement height 1/8", or 
■r . :25% of T. ' 

a. Penetration - lOOZ: ; ; 



3. Weld butt joint in flat position, to . 
study guide specifications 

a. Prepare joint to specified bevel 
. as previously outlined. 

b^" Space plates at a distance about the 
width of the fiat shoulder at bbttoni 
of joint edge, 

c. Tack veld and check aligntnent* 

d. Insure penetration at root of veld. 

e. %se stringer beads for filling up. 
4- Shop Safety ; 



a. Remove all jevelry before operating 
any shop equipment 

bi tJse^ gloves vhen handling metal with ^ 
sharp edges 

c. Use pliers for handling hot metal 

d. Use faceshield when grindi: Do 
hot use arc llelmet when ! grinding.. 

e\ Check lens_ih Jiop_d_fbr pracks. 

f. Wear protective clothing when arc 

welding. 1 " _ _ _ 

Show FLe/2D3, Prevention. arid 
' .\ Control of Manual Arc Weldirig 

- * V 

Applicatiori: \ 

\- . 

PI Students will set up arid prepare butt joints for. welding. 

ill Instructor will administer appraisal test^ ori we^ld specifications 
pertaining to welding. v 

fl3 Upon compiotion of lesson students will set up arid weld hc^t Joints 
in the fiat position. 



Eval'uatidii: . 

^^1 Ihstructbr clieck for compliance with TO 34i%^4~l~5. 

i2 Instructor will check to make sure that students have answered questions 
with 75% accuracy. 

a* What is the reiRfdrccihent of a 3/16" _ . 

butt 3biht? : 

* 25% of T (Fig 37; pg 42) 

b- What is the required penetration of . 
a butt joint? ' 

- *. 100% (Fig '37; pg .42) . : : 

c. What size electrode is used for the 
root pass on a butt jaint? 

* i/8" or 5/32" diamete? (pg 49) 

d. Why is a long arc held at the start of 

a butt jbiht of light or heavy thickness? 

* To obtain good ^penetration at the start" 
of the weld, (pg 41) 

e. What is the reinforcement width of a 
butt joint on k'' plate? 

* 2 to 3 X T (Fig 37; pg 42) 

f. What Is the depth of fusion in- a V 
butt joint? 



* Minimum of 1/16" (pg 42) 

g. tvTiat must be dene after tack' welding a 
butt joint? 

* Check alignment (pg 43) 

__ _ _ ^ . ; 

h. l^hat is the angle of bevel on the one 

plate of a single bevel? . 

* 3D to 35 degrees (pg 38) 

J?3 Instructor will check progress, and make sure that' students have 
welded butt joints in the fiat position iAU POI objective Sc. 



END OF DAY SU>g^L\RY 
Suinmary: ' ; 

1. types of butt joints : 

a. Double bevel 

b. Double vee 
Ci Double U 

2. Weld specif iccitions 

3. Welding prdced*.:re 
CTT Assignment: 

1. Review 3ABR53 131-36-305 - 

2. Review Chap 5 of m^B 

(Day 6> 6 Hrs) INTRODUCTION TO NEW DAY^S INSTRUCTION 

1. Evaluate CTT assignment and critique missed items. 

2. Remotivation: 

3. Review: . ' 

a* Types of but^t joints for steel plate 

(1) Double bevel 

(2) Doable vee 

(3) Double U ■ 

b. Weld specifications 

c. Welding procedure 

4. ~ Overview: Upon cbmpletioh of the lesson students will set up i arid 

weld butt joints in the flat position. 

PRESENTATION (Continued) 

Reference objectives (5c . ) ; 

APPLICATION: 

1. Students will set up§ arid weld heavy steel plate butt joints iri the . 
flat positiori. 

EVALUATION: Instructor will check the progress of the student, instrtfctbr 
will niso insure thnt the student's welds are lAW POI item 5c. 

5 



END OF DAY SUMMARY 

Summary: 

li Types of* butt joints 

a. Double bevel 

b. Double vee 

c. Double U . 

2. Vo'*d specifications 

3. Welding procedure 
CTT :Assigriinerit : 

1. Read 3ABR53131-SG-3D6 

St 

2.. Read SWHB Chap 5 
(Day 7, 6 Hrs) INTRODUCTION TO NEW DAY'S IN S TRUCTION 

1. Evaluate CTT assigriiaent arid critique ihissed items* 

2. Rembtivation: 

3. Review 

a. Types of butt joints for steel plate 

(1) Double bevel 

(2) Double vee 

(3) Double U 

b. Welding specifications 
ci Welding procedure 

4. Overview: Uppri cbmpletidri of the lesson students will set up, and 

weld heavy carbon steel butt joints. 

PRESENTATION (Continued) \ 

Refer objectives (5c ) - . 

APPLICATION: 

1. Students will set up and weld butt joints of steel plate in accordance 
with all weJdirig specifications, procedures and rulds^f_„safe:ty— covered 
in this lesson* 



EVAtUAtlON:. , ' ■" 

1. Students will complete ahc turn In ^'elded butt joints which tnust 
ineet all st-iiidaras covered in POI coj^^ctive 5c, 

eONGUTSION TIME: 10 

1, Summary 

a. Types of butt joints • . 

(1) Double bevel 

(2) Double vee 

(3) 'Double U 

b. Weld specifications 

c. Welding procedure 

2. CTT Assignment 

a. Read 3ABR53131-SG-3d6 

and answer questions 
b* .Read MWHB Chap 5. 
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PPECLASS PREPARAT I Ori 



EOUIPMENT L OC_A T E O 

IN laqoratorv 


_.EOU l_PM_F.N7 
FROM SUPPCV 


CtASSiriEO MATERIAL * 


ORAPHIC AinS AND 

ONCt ASSIFII.P MATTRIAi. 


1. ire Weidrng 
- Booth Complete 
.2. Grinderp 
3. .Power Shears 
Trainer 3218 


If 00 licit 


.None 


1. 3ABR53l3l-SG=30€ 

2. TO 3UWU-1-5 

3. Modem Welding 
....(Chapter JJ._. 





.CRITERION OBJECTIVES AND TEACHING STEPS 



b. 



Given metallic aic -welding equipment and ligfcit_ga'Uge carbon steel sheet . ^ ,^ 
specimens, set up and ^vield butt joints in the f lat -ppsitibri^ _with 100^_ 
penetration, free of xandercut, overi:ap_, and slag inclusions Tor a total combined 
distance of no less than 3/U of the length of the specimen, excluding the first 
1/2 inch start and the last l/2 inch finish. All shop safety, good housekeeping, 
and fire prevention measures must be observed. 

Given metallic arc T^iding'equipnent and hea^ steel sheet specimens, 

•:set'up" '^a \ield joints in the fiat position^ with 100^ p^ 

of iandeix:ut, overlap,_ and slag inclusions fox a total combine^distance of nq 
less than"3/lt of the length of the specimen, excluding the first l/2 inch start 
and the last 1/2 finish^ All "shop safety, good housekeeping, and fire - 
prevention raoasxires mtist be observed. ... • •: 



Teaching steps are listed in Part il. 



irrrRODUCTiON 



TIME: iO Mih. 



Attchtibh: . 

Review: During oar last lesson ve Icnrhed to npply techniques used to 
weld butt joints of steel plate. Evaluate CTT assighnent and 
critique iiiissed items. 

Overview: Upon your completion of this lesson § students will set up an 
weld butt joints of steel sheet.. 

Motivation: 

■ BODY TIME: 15 hrs, 40 Min 

Presentation: * 
(Refer bbjectivej 

1. Preparation or joints for welding: 
a» types of joints for sheet 

(1) Single bevel ; . - 

(2) Single vee 

(3) Square edge 
• b. Square edge 

(1) No bevel required 

(2) Used on metal 1/8'' or 

iessL 

(3) Burrs should be retnoved 
c. Single bevel 

(1) Metal 1/8" to 3/8" 

(25 Bevel hath^plate^to,^;::^: 

_ 'alv3nc£uded angle of 

66° to 75° 

--■ - - - * . '' 

2. Ifcld Specifications: , Use. Trainer 3218; Electric Weld 

a. Width is; 2 to 3 ;CT ■ 

b. Bead reinforcement is 25% of t * 
c; Femetration is-iOOS 



•3; Weld butt joints to study guide " 
specifications > usinp fpllo;ring 
prdcgdure to insure good veld 
i^eads* 

a. Prepare joint as outlined 
previousiy 

b. Tf.ck veld, then check 
alignment 

__:C>: — Insure penetration is 106% 

4. Shop Safety : . 

. 'a. Use all protective clothing 
and equipment 

b. Operate machine only that you 
have been checked out on 

c. Check equipment before usiiig 
Application: 

1. Students will set up and weld light 
gauge sheet steel but-t joints in 
the flat position. 

Evaluation: 

1. Students wfll be given a series of 
questions concerning veld specifica- 
tions and welding procedures of steel 
sheet butt joints. Minimum of 75% 
correct response is required. 

2. The instructor will check welds made 
on light £;hcet steel, to ensure they 

hav^» Y to 

*by >hc .r 'efidri Checklist. 

END OF DAY SUtl>lARY 

1. Summary: 

a. Preparation of joints for welding 

b. Weld specifications 

c. Wcldlhf: procedure 

d. Shop safety 
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2. Assignment: - * ' ^ 

d. Review 3ABP53131-S03b6 
b. Review MWH^ Chapter 5 

• INTRODUCTION TO NEW DAY'S INSTRUCTION Day 9, 6 Hrs 

1. Evaluate assignment 'and crlifique missed 
items. - * . 

2; Remotivation: ' 
^3. Review: ' • 

a. Preparation of joints for welding 

b. Weld specifications 

Welding procedure r . 

d. Shop safety ' " " . > > 

_ _ _ _ _ '■ _ .-t, - - - 

4. Overview: Upon completion of the less > students , will set up and 
weld butt joints of light carbon steel sheet. 

Presentation: Cont'd 

(Refer objective 6b) _ ' . 



Application: 

1. Students will set up and :^^ld_butt_.j.al^^ 
oL heavy .caxboiv-s-teel^pTat¥T 



Evaluation: 

• ' " ' f 

1, StudenJts will be given a series of 
questions cdhcerhing weld specifications 
and welding procedures of steel sheet 
butt joints. Minimum of 75% correct 
response is required. ^ 

2. Instructor wl31 observe students welding 
heavj* carbon steel ??heet butt joints, and 
ensure that they are lAW the Criterion 
Check list. 



ERLC ^7 
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END OF DAY SRfft/iRY 



1; Sumiiiary: 



a. Preparatlbri of joints for 

welding ' 

b. Weld specifications 

c. Shop safety 

2. Assignment: • 
•a. Review 3ABR53131-SG~3D6 ' 
b, ^:Read >fi^B, Chapter 5 
- c. Review for block test 

INTRCTDUCTION to new. DAY 'S- INSTRUCTION 

1. Evaluate assigOTient and critique missed 
i t ems 

2. Rembtivatibn: 

3. Review: _ 



a. Preparation of jbihts^-^f 
welding — ^ . 



bay 16, 4 Hrs 



Weld specifications 

c. Welding procedure 

d. Shop safety > 

4. Overview? Upbn completing the lesson* students will set up and weld 
heavy carbon steel sheet butt jbints in the flat position 

— . _ _ _ 9 

Presentation: Cbrit d. 
(Refer objective 6b) 

Appiicattbii: Students will cbhtihue to set up and weld butt joints bf 
heavy carbon steel plate in the flat position; 

Evaluation: 'Instructor will check students' welds onhenvy carbon steel 
butt joints for proper specifications lAW Criterion Check- 
list. 



78 




CONCLUSION: 

» 

li Suimary: 

a; Preparation of joints 'for 
welding 

Weld specifications 

c. Welding procedures 

d. Shop safety^ 



TIME: lb Min. 




. a. Read 3A5R53131-SG--401 an& 
answer questions 

b. Read ^?N^^B, ehapter 5 

\ c. 

\ - <j. ■ - ' " ^ 

; Ren:c3tivatibn: 

\ 

Closure: 



/ - 
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CQyiPMENT LpCAT EO 
IN LABORATORY 


EQUI_PMJ>N1 
^OM SUPPLY 


. ^. CLASSIFIED MATERIAL 


_ _ . _G rAphi c ai pr^ 

UNCLASSIFIED MAT r ^. A L 


1. Arc Welding Booth 
eomplete 

2. Power Shears 

3. Trainer: 3218 
E 1 e c t r i c a 1 .We 1 d 
ARC Welded Joints 




None 


1. 3ABR53131-SG^U01 
2- TO 3l;WU-l-5 
3* 13odern Welding 
(Chapter 5) 



CRITERION OBJECTIVES ANP T-E ACHING STEPS 



:^Jiyeh metallic axc_ welding equipmen and carbon steel plate specimens, set up 

and make fillet we Idq in the vfrt'jal ^ositiori, free of yiidercut, overlaj), 
: ajid slajf-^ inclusions for a total combined distance of no less than 3/U of "the 
•length of the specimen, excluding the firct 1/2 inch start and the last l/2 

inch finish- All. shop safety, good housekeeping, and fire pitjvehtion measures 

must he ol^erved. 



Teaching steps are listed in Part 'II. 



'•>r 'g ^fi'iHM 



INTRODUCTION . Time: 10 mih 

h ATTENTION: 



REVIEW: pfevibus block cdveredr Operation of machines ^ polarity of 

electricity, selection of electrode. Evaluate ett assignment and 
critique missed Items- 

3. bVERViEW: Upon completion of this lesson, students will be able to 
Riake fjl let welds In the vertical posi tion to study guide 
specifications. , ^* • ^ 



MOTIVATION: 



BODY . Time: 11 hrs ^0 min 



PRESENTATION 

Refer to objective #1o^* 

1. Vertical pbsitibh welding 

#• 

a. More difficult than flat or 
horizontal welding 

(1) slower speed of travel 

b. Overcome force of gravity by 

(1) hold short arc 

(2) manipulate electrode 

(3) control molten pool 

\ K 

(a) size of rool ten pool 
2-3T' 

(4) Gas expansion 

(a) strongest force of metal 
transfer 

J_ Caused by burning of 
electrode coating 

2. Electrode and current 



a. EbOiO highly feccwwhehded for pbsitibri 
welding - all positions 



Si 



- ^(i) Heavy 
. M tlghf V : 

{aV Pos i t We sitle welding ^ 
. clrcait • 

(2) Aids to secure proper penetration 

(a) Positive side welding 
ci rcui t . 

^ SmalUr diameter electrbae ^ 

(i) tess current 

,(2) Aid in TOhtrbl 1 ing mol ten pool 

(3) Over djine grav[iy> surface tension 
of the electrodes . ' ^ 

' Maxlmwn picactical size 3/^6" 

3. Weidiri§ technique^ ■ 

, a. Electrode angle 75° down for 
" . starting shelf - 

*• b. Electrode angle for continuing 
' bend 15*^ up ^ 

(1), Welding^ sequence 

(a) Hold short arc when 
l^epositlhg B«tal 

(b) Af-c never broken 

(c) Build shelf 

Id) Pepdsit ahbther.bead after 
shelf soifdifies 

H.z WldSr ^eads , 

--- -- ------- ■ ' -\t ' " 

v». More current . • 



c. Weaving nx)ti oh 

{]) Side to side mot 1 on arid 
slightly outward 

(aj To eiimihate a high 
crowh bead 

(2) 3 at side to fill uridercut 

Prevent overlap 

Allows pool to solidify 

(b) EUmihates high beads 

Fillet welds on tee Joints - 

a. Number of beads will depend on 
thickness of metal 

(I) The thicker the inetal the 
more pauses required 

b. Series of St ririger beads 

. (i) Always stringer bead in 
root of joint 

• (a) For penetratiori 

c. Always khbtk off slag prior to 
^ idepbsitirig next bead 

(1) Prevent slag inclusions 

Practice shop safety In performance 
of required tasks -\ 

a. No horse play ' 

b. No smoking . 

c. Halritaih clean area, and 
clean dai ly 

(il inspect cables 

(1) Cracks 
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Utilize health and safety equipnient 
a. Welding helmet and ^e protection 

(1) Check dally 

(a) For cracked lens 

(b) For proper shade - #10 

b. Gloves 

c. Clothing suitable for job 
i\) High top boots 

(2) Long sleeved shirts 

(3) Aprons . 
m) heathers 

d. Use guards dh machinery 
(1) Face shields 

APPLICATION: 

I, Students wi j I .weld fi llet welds in 

the vertical position to specifications 
of T03W-1-5 

2* Stude:5-o will observe all safety 
precr .oris during accompl i shttient 
of projects 



VAtUATION: 

1. Students projects will be checked 
during welding process for proper 
procedure and preparation of material. 
Assistance will be given \Sen necessary. 



END OF DAY SUMMARY 



SyMHARY : 



EKLC 



.Assignment. 
FOI Item la 



Vertical position welding 

2. Electrode and current 

3. Welding techniques 
k. Width beads 

5. Fit let 'welds 

6, Shop safety 

7 1 Safety ^Bqulpment (persona 



following cisslp.hmcnt. After cbmplctibh 

of cTnrip.rincnt. v5 11 be rcqu-Ired to answer 1. Review 3AilE5?i Bl-rJo-.'+Oi ; 

questions with 75Z accuracy. 

2. Review TO 34^M"l-5 (chap 

3. Mbderh Weldinp; (chnp 5 
pages 5-21-^7,25 

INTRODUCTION TO NKK D/vV'S INSTRUGTiON 



I. 



Evalu.3td - CTT- assignn5nt cirl Cque 
raisscd items. 



2; Remotlvation - 
3. Review: 

a. Vertical position welding ^ 

b. Electrode and current 
c* Welding techniques 

d. Width of bead 

e. Fillet Welds ^ 
Shop Safety 

g. Safety Equipment Cporsonal) 
5. Overview: 

Bi Fi5;iet weld in the vertical position 
APFLI CATION: Cont*d 

1. Student will continue to weld fillets 
in the vertical position. 

2. Students will observe all safety pre- 
cautions during accomplisJw>ent of proj^cis^ 

EVALUATION': 

J^'^^-^^^tudcnt projects will be checked during 
velding rbces? for proper procedures. 
Assistance will be given wlicn necessary. 

2. Instructor u-ill check students' welds- 
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eOSCLUSTOM . Tltne; )0 mih 

a. '^lilar wfeJds in vertical po;^ltion 

b. Weldlnj;^ technique 

c. Safety practices 
. AY 2 

CTT Asslgtitr.ent: Students '-ill read/review following assir;nntent| after asrigr- 
tnent^ will ansv;ev questions with 15% nccurncy. Read 3ABR33131-Sa-S02 (?0I 
Item, POI Tlnje 2 hrr;} . 

Retnotiva^ion: 

Closing Statement: 



LESSOR PLAN ( Po^ I. StaAtjij 



APPROv/»L OFCICe AMD OAtE, ■ 



Mcbais Processi ng Specialisfe 
Special Meballic Arc ohtL Resistance V/elclin/^ 



■ Fillet VTcldg in the bverhoa cl Position 



CLA3SROOM /iiatoratory ^. 
D & D 1 hr/Porf 17 hrJ 



LES S ON DUKATIOrJ 

Compiemen'Car:/' 
^ hrs 



TOTAL 



hr3 



PAGE NOMPER 

_28_ 



PACC OATf 

23 Sep 1975 



2 



5TS CTS RErERHMCE 



NUM8FP 



_ 31 Hay 1975 



^I^GJ7VI50R APPROVAL- 



DATE 



DA - I- 



P»rCLASS PPE PAR A TIOM 



CO" J'MEfiT JLjOC A T ro 
IV tiAnoi?AT of^y 



'_2. Pov/cr 5hoar5_ 
3.' Trainer: 3218 
Electric- 



None 



ertl APi^C A» P$ AMO _ 



1. 3ABKi;3Ul-3G-.U02 

2. TO 3)iWli-l~0_ 

3* Hbdoai WcWlng 
(Chapt-i' 5) - 



CP I T EPTQN OD.'£Cr>VES AKP t facIMINC S7£PS 



Given nieffallrc arc wcldinrj e-qtxtpmcnt and carbon stoci piabc zpccxmcurj, :;ot up and 
mnkc fillet wexrls in the overhead pocitinn. frtsc of undercut, overlap, 'and 3lag 
inclitcionn for a to t^-l combined dintdii.Ow of no leric then 3/^i of the cfiecimen, 
excludLr^T the; fiir:!; l/2 inches baft ^:^d tlv-* .larrt l/2 incli fi.Tiich. All chop 
cafety* fpbd i;:,-.rckGepjhfj, and fire prevention menii^uros inurX be dbnci'ved. 



Teachi^tig steps ai>* listed in Part II, 
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..1- if-^ t j!r» X4.^ 



1^ 



7: " ' INTRODUCTION Time: 10 min 

nt ibn< 



%. Review: Previous lesson covered vertical welding, electrodes, man! palat ion, 
angle and current settings. Evaluate CTT assignment. Critique 
missed items. ' 

3. Overview: Upon cbmplctrpn of this- »essbn students will be able to make 
fil let welds in the overhead fjosltibn to study guide 
speci Ficat ions: , 

/ 

t. Motivation: 



BODY Time: 17 hrs ^0 min 



Presentation , _^ 

^Refw^-^trtrBjective 
I, Overhead welding 
- av Used In erection of structures 
f^'V Probably hardest positic:^ 

(1) Fal I ihg metal 

(2) Uncomfortable 
c. Forces in arc 

(1) Mcst effective-gas expansion 

(2) Biggest aid in overhead welding 
3. Weld metal * transfer 

a. Short arc 

<f 

(i) To control, mo 1 ten pool - 
.* " _ " ^ * 

b. Electrode »nngle 

(1) 20° to Vertical Plate 

(2) 15° Direction of weld 



■: c. Forces tticit aia in nietal . transfer 
; {]) Adhesion • . 

(2) Surface tension of base metal 

d. Forces that hinder metal transfer 
: ; <1) Grav? ty 

(2) . Surface tension of electrode 

(3) Cohesion 

e. Pre'-heat heavy* joints 

(1) Hold long arc momentarily 
3, Electrodes and current 

a. Electr6d(?s ;ties igned for overhead 
^ , . (1) 6010 - Ex. 

- ^2) 3/16 max. practical size ^ 

b. Be Reverse current 

(1) Heat on electrode ihp 
^2) Positive side of circuit 

(3) Aids In securir:g penetration ^ 

c. Amount of current 

KD Depends on diameter of electrode 

(2) Thickness of mater. at 
'i. • Welding^ Technique 

- a; . Hold short^arc 

b. Series of stringer beads 

,: • {])' Smsller than flat . - ^ 

(2) First Pass-for penc^.ro.. 

c. P^etratibn 

— (i) Indicated by Depth of crater 

O . - 



r 



a, , Rcnovft siag oxides 

(1) to prevent slag inciusid^s 

(2) Before mSkifig addltfonsi beads 

(3) Chipping hammer and wire brush 

. Practice shop safety in performance of 
required tasks 

No horse play 

b. No smoking 

X. flaintain clean area and clean daily 
d. Inspect cables 

(1) Cracks 

(2) Frayed wi res 

tftlliie health and s^ty equipment 

a. Welding helmets and eye eqiilpment 
^ (I) Check daily ■ 

(a) For cracked lens 

'5) For proper: shade #10 

b. Gl . i 

c. el^ i;-:g "suitable for job 

(1) High top boots 

(2) Long sleeved shirts 

(3) -Aprons 
(^ij Ledtbers' 

di Use guards on macHihery 
(1) Face shields "~ 
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APPLICATION: 

h Students wlli weld fillet weids in _ 
, the ovciiicaU p^ to TO 3^W^-l-5 

specifications. 

3. Students will observe all safety 
precautions during accompl i shnien t 
of projects. 

VALUATION: 

'f,. Students projec^will be checked 
during v/elding process for proper 
preparation and procedures. 
Assistance will be given when 
necessary. 



END QF DAY SUMMARY 



SUMMARY : 



AfSIGHHENT: 
DAY 3 



CTT assirnneht 5>lv?n at 
End of Day Sutrinary 



1. Overhead welding 

2. Weld metal transfer 

3: Electrodes and current 

Welding technJque 
5. Practice shop safety 



6. Safety equipment (personal) 



A Review: 

3ABR53/5/ 5G-'02 
£^ • Rev i C'<? : 

TO 3^»W^-l-5 

S, Modern Welding Mondboofe 
(Chapter 



1NTRODUETI0N TO NE'-* DAYS INSTRUCTION 
R ^er to CSbjective 2a ^ 
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Review: 

Overhead posit ibri welding 

Weld metal' transfer 
C* Electrodes and current 
d. Welding technrquc 

6* Shop safety - 

tF- Safety equrpnient (personal) 

Overview 7 Fillet welds in Overhead Position 
flpPLICATTON 

1. Students will weld fillet joint in 
overhead position lb study guide 
speci f 1 catibSs . 

* 3., jS'tudcfi ts -wt 1 l^dbservc all safety 

precautions dJrihg accbrnn i ishrherit bf 
projects. 



SVAtUATION: 



2. 



Students projects will he chectccd 
^urrng welding process fbr proper 
weldJng procedure and preparation 
of material. Assistance will be 
given when necessary. * 

Instructor^ wM I check students 
welds: 



END OF DAY SUMMARY 



SUHHARY : 



err AssiGN>tENT 

POI ITEM 2a 



1 . Overhead welding 

2. Weld metal transfer 

3. Electrode and current 
U . Wcl dl ng techn I que 

5. Practice shop safety 

6. Safety iaui- :nt (personal) 



n 



o 
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DAY 4 
ASSIUimHENT: 



CTT 



1; Review: Cy/9^s /^d/eS 

2. Review: 3ABR53/5/ SG-'»d2 

3. RevieW: TO 3^Wi»-i.-5 -i 

i#. Modern Welding Handbook 
(Chapter 5 , j> 



JNTROBbETIiDN TiOi NEW DAYS INSTRUeilON 



1. Evalunte CTT nsslgnmert critique ir/.ssed Items. 



2. Retr.dtlA tilbri. 

Review: 

U Overhead position weidihg 

2. »-^ Weld metal transfer - 

3. Electrodes and current 

^1, Welding technique ^ 

S^^Sr.op safety — 

6. Safety equipment (personal) 

. Overview - Fillet welds In D\-Grhea^ Pcsition 

APPLICATION 

1. Students will weld f i 1 1et_jolnt in 
the overhead pbsltibh to TO 3^W^4-l-5 

^ specifications. 

2. Students will cbserve at I safety 
precautlbhs during accompl ishment 
of projects. 

EVAtt'ATlbM: 



\/ Students projects will checked 
fb.r pcpper Wel ding procedure and 
prcp^ratJoa of material-. Assistance 
will be given v?hen necessary. 



C5 
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CONiStUSlbN TiTTie: 10 tnih 

Summary ; 
a; Electrodes used 

b. Welding technique 

c. Forces (Gravity and pas* expansion) 

d. Safety (Shop and healt. ) ^ • 
. DAY 5 . 

2. CTT Assip-!F?Gnt: Students will read/review fpllbwinp assipTiment • 

After as? -nent will answer questions with 75% accuracy. Read ; 
3ABR53131"Si;-403 (POX Item 3a, POI Tdme 2 firs). 

3. Rembtivation: 

4. Closing Statement: 
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LESSON PLAN { Port 1- Gen^roH 




INSTRUCTOR : • ' 


COURSE NUMeSR 

3A5R53131 


COURSE_T!TUE 

Hetals Processing: Speei^lM. 



l^K . 



X t-ESSON TITLE 

-^ipe Joints 



BLOLK TITLE 

— Speciai^etaiiic Arc- 



5- istance Veldin^r AT3plications 



TwAssRooM /jjaDoratoiy 
3) £ D 1 hf/^erf 5 lixs 



LESS ON DURATION 



2 his 



TOTAL 



8 hrs 



POi REPEREuCE 



PAoE NOMOEn 

29^ : 


PAoe OAVE 
2a Sep 1975 


PARAGRAPH 

5 




SIS/CTS R£f £RENCe 






NUMBER 




0*TE 






_SfS 531X1 












APPROVAL 


SJC N AT. J r.f 


DATE 


«'CkatuRE 


OAT t 


'% 



























P^ECLASS PREPARATION 



COUiPti'CNt • 



i- .Arc ^ng Booth 
. • Complete 

Power Saw 
3« Grinder 



f OyiPuENT 
FROM SUPPL V 



foolicit 



CLASSIFIED MATERIAL 



I r.RAOHiC AI05 AhO ) 

i liNCuASSif ICO MATERIAL ■ 



None 



.1- 3A3fi53.0i-SG-i4b3 

2. TO :3UW;->S . ^ 

3. ^ffcdern Wloing 

(chanter 18) 
I4. Chart: Pipe ^Id- 
- Weidisntg' 
Se4^cr.::e 



CflttERiON d9jECTlV£i AND " EaChi^^C ST£P$ 



&iven^ metallic arc velding'. eqxiipzient and carbcn steel pipe speciniens, set up and 
veld pipe feints ^with 100% penetration, free, of undercut, overlap, and 

sias inclusions, for a total combined d:rsta :ce of no less than 3/^_^^' the 
length of the weld* -^.11 shop safety, good house'rieep^Ze and fire prevention 
ineasures" sitast be observed. 



Teaching steps are listed in "^^rt £J- 



INTRODUCTiON 



Attention: 



Time: 10, rhiri 



2* Review: During pur last lesfon we 
learned and applied the fundamental 
principles of overhead welding. 

3. Overview: Upon completing tl^is lesson 
you will understand and apply 

the principles and techniques of 
ifjeldlng pip^ with metallic arc 
. welding. 

4. Hbtivation: 



BODY 



Time: 5 hrs kQ min 



PRESENTATION 

^ - — . . ■ , 

Refer to Objective #1 

1. General Information 

a. Tubular section most efficient 

* b. Trahsferrrng materials from place 
to place without loss - 

c. Construct iba^i eld 
(1) Engine rnounts 
(2T Fraifies, platfonns. Jigs 
(3) Petroleum industry 
: (a) " Pipe lines 

2. Advantages of welded joints 

a. Permanently tight 

b. Greater strength 

c . tess.^res i s t^hce to f 1 ow 
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d. More pleasing appearance 

e. Easier and cheaper 

f i Simplification of design 
Butt joint 

a. Most cdinmon joint in pipe 

___^li::;^::^ 



b. Types of joints 

(1) Sqxiare edge 

(2) Bevel 

c. Wall thickness less than 3/16 
. : . (i^ One Pass 

- . (2) No Bevel required 

(3) Square edge butt joint 

d. Wall thickness 3/16 - 3/4" 

(1) One pass per 1/8" metal thickness 
^ (2) Bevel 30-37 1/2° 

(3) 1/16" lip inside waMt of pipe 

i. - 

(4) Light material bevel on grinder 

(a) Use face shield 
ei Wail thickness 3/4 and up 

(1) One pass per 1/8" metal thickness 

(2) Bevel 20° 

JE35 1/16" lip inside wall of pipe - 
(4) Bevel with osyacetelene torch 
Backing rings 

a. Ring shaped strap fitted iSside pipe 
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^ (1) Plain Flat strap 

(2) Small Tip for spacing l/l«" 

(3) Made out of brass or bronze • 
(aj Renidved after welding : 

_(bl W elded metal won ' t adj^ere 

(4) Made out of base material 

« ■_ _ _ . _ . __ 

(a) Left inside- pipe 

V, . ____ _ , 

b. Uses of backing rings 

■J 

(1) To secure 100% fsehetratioh 

(2) Preveiitjon of slag and globules 
from fall ing .inside pipe 

*■ * • _ 

(3) Alignment of pijpe ends 

(a) Keep the pifse straight 
cl Not ordinarily used 

(1) Shop fabrications 

S(2) When Inte'mal cleaning is 
required 

d. Reinforcement - 

^ (l) J/16 maximum reiriforcenscnt 

(2) Avoid excessive 

(a) Can cause undesi rable stress 
concentrations 

e. template. 

(1) Used to lay out work 

(2) To insure proper fit-up 

f . Wrinkle Bending 

(i) Can be used on all sizes 
and thickness of pipe 

Er|c - 3 



(2) "^n oxyacetelcne torch 
is used for heat 

(3) Easy. to correct mistakes 
5._ Welding Procedure ^ 



clean all sar Faces and surrduhding 
areas 1/^4'' back from edges' 



Use Hech::n!ca] Cleaning 



Use Chemical clean ihg 



Remove al 1 : 

- (2) Scale 

(3) 05'} and grease 
m) Paint 
6.^ AltgnsDent sod tack welding^ 
a. Use of backing rings 

fc. SuitaHfe fixtures 

c. Proper welding sequence 
-d. At least tgck welds ' 

(1) 2-3 T length 

[2) lOC^ peofctratien 

i - - - - - 

^7. Practice shop safety in performance 
:zL.- of requi red tasks 

a. No hcrse play 

5. No smoking 

c. Maintain cl:San area and 
"clean dai 1y 

d. Inspect cabTes 
(1) Cracks 

(Z; ^ Frayed wi res 
Utilize Health and safety equipment 
3. Welding helmet and eye. protect ion 
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(t) Check daily ■ ' _ 

i'iii For cracks 
(b) ^Proper shade size r- 1 9 

b. Gloves 

c. Clothing suitable for job 
(j) Hiyh top boots 

(2) ton's sleeved shirts 

<• ■ ■ ■ ■ ._ 

(3) Aprons . 
' Leathers 

d. yse guards on machinery 
(1) Face shields 

APPLlCATIOl^ - 

^iv€fh material student wi J l 

a. Prepare tfte mtal 

b. S^t up joint for. welding ^ . 

c. V/cld pipe to specification of 

TO 3^W2|^l-5 * V 

2. Strident will observe all safety 
precautions in the eeccmpl i shmeht 
_ . of project 

. ^ * '■ > 

EVAtbATiON 

1. Student project wi il be checked for 
proper preparatibn aii<J welding 
procedures . 

2. 'Assistance will be given when 
• - ^necessary. - - :1 

5. Jnstructcr will check students ^ 

w^lds. - _ . 

^ , COSCtUSIOK ^'^^^ 

•Surwiary ' : . 

■ 5 . loo 



# 



Review 



3. Preparation ef p'rpe _ 

b. ■ Pipa wcidins techr.iqijss 

c. Shop safety 
2z Assignment 

a. . Review 3AER53239-SG-^Oi; 
; ta. Review ncn:^ 5 taV.en in clasr, 
c. Complete 3.ABr-.53230-WS-i.O!* 




St . 



LFSSOfimti - Pari 



3 ABR53131 




ccuKse rrri. r ^ 

Mei:als Processing Specialist 



V^ssoK/ rirtr 

Heat and Cbrrbsion Resistant Ferrous Alloys I 



Special M<ltallic Arc andJRes is tance Welding Applic atlong 



D S D 2 hrs /Perf 6 hrg 



2 hrs 



10 hrs 



^6 



— 23-SepJt975 



1 ^Af^Wi^PAfH 

\ ^4 



STS 531X1 



31 May 1975 



1. Arc W^fil;^-^^^, Booth \ 

2, lower Slx^^^ro 



Conj=:olidated 
Toolkit 



None 



1. 3ABR53i3i-SG-404 

2. TO 34W4-i-5 

3. Modern Welding 
(Chapter 18) 



a. Given :2etaxlic arc welding equipment and heat and corrosion resistant ferrous 
alloy specimens, set up and weld butt joints with 100% penetration, 
free of underent, overlap, ird s7ag' inclusions for a total combined distance 
of no less than 3/4 of the '.ength of the -specimen excluding the first 1/2 inch 
start ^d the last, 1/2 inch finish- All shop safety, good housekeeping, and 
fire, prevention measures must be observed. 



Teaching steps are listed in Part ii. 



♦.••»» *•**$ *•«• 



■•-.»'— 



INTRbbUCTION 



Attention; 



Review?^ During our Isst lesson^ we bdvcfed the 
principles of pipe IdLng > types of 
joints and electrbcJes. Evaluate CTT 
asslgtitnent and critique missed .items- 
Overview: Upon tomp let fon of this lesson you 

principles and technique?; of 
^ v/eldihg heat and corrosion resistant 
ferrous al leys . 

fiotlvation: 



T imc : 



BODY 



T i me : 



fRESENTATlOH 

ftefer to objective 

!• Welding heat and^ corrosion 
resistance ferrous aMoys 

a. Stairlless steels most comnxwly 
. used and^iill be discussed how 
are : 

(1) Chromium stainless 

(a) Not recommended for 
welding 

(b) Subject lb rapid grain 
grov/th 

(c) Wi j 1 not resp '^d to lieat 
■ treatment (grains) 

- (d) After v/eldifiQ, have very 
1 i ttic ductii I ty 




im 



(2) Chromium nickel, Austenltic Stciinless 

I a) Highly recbmniorfcJecl for welding 

(b)^ After welding, extremely tough 
arid ducti le 

£ Hjgtily suitable for. _ 
ai rcraf t parts 

2. r. 3k7 are used for • 

a i '^gj^^f Lp^rts ^ V 




Helal He circ v/eld|ng- is generally used ih 
fabrication and repair of. Stainless Steels 

(1) Metal lie arc gives instant heat'irig 

(a) Quickly brdaght to mel tihq temo 
of 2B90^F 




(b) SurtdUhdihg metSl compact! 
cdld"" ^ 



1 000° j 500°F 
Z Heat affected xone 

(2) Don't Hold at mclting^emp. too long 
\B) If metal Is over-heated 

J_ Warpage occurs 

2^ Loss of corrbsrdri resistance 

3_ Undesirable grain growth 

(3) Arc we 1 ding of Stainless Steel is 
recpnriended for it decreases carbide 
precipi taLidh 



in) Carbide precipi tat i 



on 



J_/ Free carbdh cqi»es out of 
SdTutTbh arid forms along 
grain to bouridarres 
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(b) El«clrbd« Covering prbv^c^cs 

: B fluxing action - gas protective 
shicTd • 

]^ To protect tHc. weld from » 
i bxidatSbn 

(c) Varjbus elect rode- combinations ^ 
avai labic - _ 

j- For various alloys combinations 

Se lec tibn oF clectrbffe ^ pdl ar i ty : ^ 

and current ■ 

[f) Mi l.i tary sped fi cation : 
, (MIL-E-68i|^) 

_ _ _ » 

*(a) Eblbr marking 

J_ 3^7 Electrode 
a 19-9 

, (b) 19? Chromi am , ^ 

(c) 9^ Nickel ^ 
Primary^ - yellov/ 
Secondary - Blue.- 

(2) hzX>^r^% stamp number 
oh rod . 

(3) ManuFactur^es lake ihtb cdris iderat ion 
- certain elements are Ibst as 

they pass through arc 

(a) Cr)iTipehsalf for loss by 
increase in vblatile 
elements ^ : 

(b) • When welding 18-8 5teel 

a 19^9 rdd is iised 

.(c) EblumBium is added tb S.S. 
as a s.tabi 1 i zing agent- 

. "(dr 30^ 'of Cdlurribium IS Idst 
■ ' during we I ding 

(e) Ti taniuj.t wi 1 1 not transfer 
acrbss arc 



(a) Place the hot end at^the electrode tip 

_(b) Albwer current is used for Stainless Steel because 
. ' ' of its lower heaf conductivity 

T _ __' 
Welding procedures for Stainless Steel* Butt ^ Joint 

(1) Preparation of. metal 
*(a) Clean 

(b) Bevel . ^ ; • 

(2) Set up prb^r^Bp^ihg and tack weld 

(a) ' For good pehetr&tibh 

(b) . Alignment of parts 

(3) Hold proper arc length .and angle to insure good fusibh 

(a) Keep weaving down to a minimum 
e. Weld characteristics 

(1) Butt jo&t ^ 

%) Spacing - 1/16" 

(b) Penetration 100% 

(c) Reinforcement 1/16" 

(d) Bead .widai 3-4T 

. (e) Electrode angle 20p 

(2) No overlap, undercat or slag inclusions* 



f. Utilize health and safety equipment 
(1) Eye.prbtectioh 

(a) #16 lens 

(b) Arc helmet - 

(c) Check lens ^f or cracks 



(2) Wearing suitable clothing <i 

(a) High top boots 

(b) Long sleeved shirt 

(c) Leather aprons 

(d) Gloves 

g. Practice shop safety in performance of required tasks 

Ho^^ P«ges g^-?7 ki^e keen a/Ki'f^^^. 
ERiC ' log 



(\) bai 1y c1 can-op 

(2) No snibkihg in lab 

(3) Check cables For cracks 
or frayed wl res 

<^ 

{k) Use p.rbtcctive clbthihg 

wh.en u^irig power equiprherit ' 

(a) Face shield 

ftPPLICATror " - 

Ziyon material and equipment: Tor 
■ welding a-.butt> tap, tee, joint in 
stainless steel, the student will: 

a. Prepare joints for v;e1ding 

b. Weld joints according to spec- 
ifications of TO 3^Wi»-l-5. 

, Student wMl observe aU safety 
^precaution * during' accomplishment, 
of. project. ; 

EVALUATION 

Student projects vlt 11 be checked for 
preparation of material and welding 
prpcedures .^Assistance v/l 1 1 be given _ 
when necessary. 

END OF DAY SUMMARY 
•unwary: ^ • ^ 



K Stainless steels irypcs 

2. Hetail ic Arc Welding 

3 . Se 1 ect I on of Eject rode , 
PolarUV current 

U. Welding Procedures 

5. Weld characteristics 

6: Shop safety 

7. Safety equipment 



_DAY 7- 

CTT_ Assignment 1. Read 3ABlt53i3l-SG-4d5. 

FOI Item 5a 

POI Time 2 hrs 2* Ansx^er quesClgns at end 

of chapter 405* 

3., Review TO 341^4-1-5 

4, Modern Welding Handbook 
18^ pages 28 -:31) 



'iNTRbDUCTidN T0 NEl^ DAY'S iNStRUGTiON 



*Ref^r to objective 4a 
Rexhotlvatlbh: 



Review: 

1, : Evaluate CTT asslgfmieht and critique 
missed items. 



• 2» Types of stainless 

3. Hetalllc arc welding 

4* Selection of electrode ^ polarity 
curreat - 

5. '^elding procedures 

/ Weld characteristics . . 

: ?• Shop safety 

8; Safety equipment (personal) 

6vftylcw_^^J^4^^ Ferrous Alloys 

^nm' ■ . ^ ' ■ 

\. Students -will weld stainless 'steel : 

.^sheet "to* stn dy gtH^^<»-<^orff^rnh-fnn — ■ ^ — 



2»,^tudehts will observe all .safety ' ' 
precautions during acdmpllshment 
of ifcaiects. V. 

l^M-UAtlON: " V 

. / - : V' ^ - ' ■ - - 

1; Students* projects will be checked - 
• • for proper welding techniques ahd 



2; Assistance will iie .given when r 
necessary, 

3. Instructor will check, students • 
. weldsi- - . _ , 

■ * - : CONCLUSION Time: 

1. Suinmary ** . _ 

a. Type of Stainless Steel . ' 

b. Selection of el'ectrodes, polarity _ _ _ . . . — - 

and current . " 

Cleaning and repairs . 
' d. Types of joints 

• e. .Safety - - 

2. Assignment: Given at End of Day Summary > 



3.- Rembtivatioh: 

eloslng Statement: 



' ..... V ■ ■ ■ : m 
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.3ABn53i3t 



^EISOH PbAM I Port t, Ccnefoi) 



<^OVRSC TtrLt - ■ 

P etals P ro cessi ng S pecialist 



Special Meb-slif c- 



1 

I 



tCSSOM Ti.TCE; 

Cast Iron 



cuAsspooM^Laboratory 
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CRITERION dSjEC-nv^^WPTr^CMfPi/ STEP^ 



-a. 



Sr. 



Given metallic aircjwelding equipment and gray iron castings, set up and weld 
butt joints^ with 100% penetration^ free of undercut, overlap, "and slag 
-r-'* inclusions, for ^ total combined distance -of no less than 3/4 bf the length -"y- 
of the specimen excluding the first 1/2 inch start and the last 1/2 inch^ , . 

" fi nish* All sliup salety ^— gooif TiuusBkeepiug and fire preveiiLlu n lUeasiiies niusL 

be observed. . " " - 

' *• ' ^ - ■ 

Teaching steps are listed in .Part .II. ^ 
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INTRO DUCT I ON 



Time; 



ATTENTION: 



•REVIEW: During pur last lesson^ we covered the characteristics and, types of 
heat and cdrrdsibn resistant ferrous alloys. We also covered the 
principles and techniques of welding heat and corrosion resistant 
ferrous alloys, • Evaluate CTT assignment and critiqr- missed items, 

OVERVliEff: Upon completion c f this lesson , you wi 1 1 understand and apply the 
principles and" techniques of welding cast Iron. 



MOTIVATION 



BODY , Time: 

PRESENTATION 
Refer to Objective 

1. ;Weld Butt Joint In gray iron cast-'' : 

*a_ -General information . 

(1) Cast Iron cbhtains . """^ 

(a) Garbon - 1.7 - k.S% 

• ' ' (b) Iron - 91 - 3k% 

(c) Si] icon - Remainder with 
. : - allbyrrig elements - 

(2) Types of Cast Iron 

— ^ ) White cabL iiuii = '_ 



J_ Contains cai^bon in 
- solution combined form 

2_ Silvery and white appear- 
ance v/hen broken, no free 
graph! te 

^ Hard and brl ttle 

a^ Used: In machinery 

norsdbject to shock - 



b^" Produced by quenching 
rap-idly from nblteh 
state 

(b) Malleable Cast Iron . 

J_ Will tend before breaking 

Suitable for" use where 
s-hoctejDccnrs 

^ Produced byprolbriged 
annealing of white cast 
i rbn 

(c) Grey Cast I ron 

' J_ Most coninbn type used 

' • ^ 2_ I f^ broken the surface 

appears grey and nearly 
. covered with free graphite 

j[ Produced by slow cooling: in 
sari<J from molten state, 

^3K;:£^a£ajcjejiLs£Li:s^0^-CastHTon^ ' 

(a) Hardness : 

(b) Brittleness 

• (c) High Compress^Toh strength 

(d) High Shock, wear and corrosion 
resistance 

(e) Tendency to crack at quick 
temperature chihges . i V - 

(f) . Not mailable at arty 

— — t- cmper a tU Fe- — -= '■ : . 



(^0 Metallic Arc Welding of Cast I fori 
"(a) Rtiparr of. small parts . 



ER 



i Mild Steel electrode designed 
for cast iron 

£ Strong cast ferrbweld 

ib- Produces a nori-machonabte 
weld 



9¥ 
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2. Heavy coated 18-8 Electrode 

^ IF machining Is necessary use 
a nl-rod or n I -cost fod 

(b) Repair of larger parts 

4_. P re-heat to reduce danger 
of cracking 

' a_ 15DD^ - 2000^F _a dall: 
red color 

(5) Preparation of Metal 

(a) Edges of joint beveJ to form 
6(1 angle [ included) 

(b) 3/32 spacing for iTp^dr 

fo) Drill a small hole at each end 
» ^ of crack before weldlhg-pfevent ' 
crack from spreading 



(d) Studding^ 



J_ Where maximum strength 
is desi red 

^2 Place steel studs l/^f - 3/8" 
/9la. \hto part, project- 3/16 - 
1/^ above and weld around 

^ Grooves re us when studding, 
is not appl i cable 

(6) Welding Procedures 

(a) R€sve?se polarity wi t.h minrmum 
-current setting 



h 80-110 "amps - 1/8 6010 
Electrodcj * 



(b) Stringer beads of 1*' length 

Jj Al [dw each bead to cool 
before cbntihuihg 

2_ Peeh each bead to I * 



a^" Rel leve' stresses 



?U3 



:;;:r; :y i 



b_' Reduce the danger of 
cracking 

3 Clean each bead free of 
; slag 

Use small dia. electrode 

. ' a_ A smaller rtiolteR pool 

better control 

5^ Keep weaving down to a 
minimum 

6 Hold a liDPg arc 

a_ Set start on 7 1/2 

(7) Carbon Arc Welding 

(aj Single carbon arc using 
cast i rbn filler rod 



4- Use a flux 




codJin^ produces, a 
machinable v;c 

(b) Twin carbon arc for brazing 
of cast iron 

Utilize Health and Safety Equlpmeht 

a- Eye Protection 

(1) #10 lens - 

(2) Arc helmet . 

(3) Check lens for cracks 
b. ' "Wear inq sui t^ 



(1) High top boots 

(2) Ldng"' sleeved sliirt 

(3) Leather aprons ^ . 
Ik) . Gloves 



3. Practice shop safety In perfbnhahce 
of required tajjks 



^. Dally clean up 

bi No smoking In lab 

• c. Check cables for cracks or 
frayed wires 

d. Use protective ciotbing when 
using power equipment 

(1) Face shield 

APPLICATION , - 

li Students will weld . butt joints In 
gray Iron castings to TO 
specif Icatlbhs. 

Z* Students, will observe ail zzizty 
precautions during accctrpiishinent 
of projects ^ ^ — — - 



eVAEUATION 



!• Students projects will be checked 
for proper preparation of joint 
and according to TO 34K^i-l-5 
specifications. " 

2; Assistance will be given when 
necessary. 



3i instructor wifin:rheclc^weids« 



CONCLUSION 



!• End of Day Summary 



a. Types of cast iron 

b. Ciiaracterigtlcs of cast iron 

c. Welding procedures^ 

d. Safety equipment 

e. Shop Safety 

f. Weld characteristics 
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^. Selection of electrode, polarity 
and current 

jCTt ASSIGNMENT: fOl items 6a, b, c, d, e 
DAY 8 Pf^I Time 2 hrs 



?7 



1. Read 3ABR53i3l-S6-406, 

2. Answer questions at end 
of chapter. 



3. Remdtivaticn: 

4. Closing Statement: 



3. Review TO 34W4-1-5. : 

4, Modern Welding Handbook 
(chap 9, 13, 14 & 20) 



X 



V 



116 



r 



tESSON PtAN ( Pari t, Genfrai) 



APPROVAL OFFICE AND DATE 



-COURSE NUMBER 

3ABR53131 



BLOCK NUMBER 



INSTRUCTOR. 



COURSE TITLE 

Metals Processing Specialist 



BLOCK TITLE __ 

Special Hetallic Arc aiid Resistant Welding ADPlicatidns 



LESSON TITLE 

Hard Siirfstcing, Cutting^ and Resistance Welding 



. LESSON DURATION 


CLASSROOM/ juadoratory 

D & D 2 hrs/5Perf -8 hrs 


Uomplementaiy 
2 hrs 


TbtAL - _ 

12 hrs 




POI REFERENCE 


PAGE NUMBER ' 


PAGE DATE 


PARAGRAPH 




23 Sep.. 1975 • ^ '-. ■- 


6 • 



NUMBER 


DATE - • 




STS 531^1 ' " 


31 May 197'^ ' 





SUPERVISOR APPROVAL 



SIGNA TURE 



DATE 



.SIGNATURE 



DATE 



PR EC tASS PREPARATION 



EOUIPMENT _LOC_AT E D 
I N . L A B ORAT ORY 



EQUIPMENT 
FROM SUPPLY 



CLASSIFIED MATERIAL 



GRAPHIC'AIDS AND 
UNCLASSIFIED MATERIAL 



1. Spot Welder 

2. Foil' Welder 

3. Tensile Tester 



None 



None 



1. 3ABR5313I-SG-U06 
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CRITERION OBJEC TIVES AND TEACHING STEPS 



a. : Given a list, identify procedures pertaining to hard surfacing various metals 

• "With fSfo accuracy. , \ 

b. Usihg_allist , identify procedures relating to metallic arc cutting bperarbibris 
vdth 755^ accuracy. . .* 

■ .■ \ _ ■■ . ■• ' ■ - : - ■ - - ■ ■ 

c. Given welding equipment and ferrotas and noh ferrous metal s_p_eciinensj_ set tip and^ 

operate resistance spot welding equipment liW^hapter 13 of Modern Welding. 

• All shop safety, good housekeeping and fire prevention" measmres must he. 
observed. / 

dT ^verh^feensile test equipineht and finished welds while observing ail shop, safety, 

• set up andTest^~;resis±ance spot welds for strength, porosity, _ nugget size and 
shaj^e*. TWO of three welfe~"must-CQnfbrm to the proper strehgth_requi^m_ents, 

- nugget size, and shape, and be free^oFpdrbsitjci^IAW Shaptey 13 and li+ Hbdern 
\^iain^. ; * 




bESSON PbAN (Part 1, 6«n#rol) CONtiNUAtlON SHEET 



CRITERION OBJECTIV ES AND TEACHIMG ST^PS ^Coriflnu»<n 



• e. 'Given equipment^ vhile observing all shop safety measures operator 
■ maintenanee of resistance spot welding machines lAW TO 3U'S^-l-5- 



Teaching steps are^ listed in Part. II. 
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' ^ ' iNTRebUetleN Time: 

ATTENTION: ; ^ 



REVIEW: During our last lesson we covered the characteristics and types of 
' * cast irbn.^-'We^also covered the principles and techniques of welding 
cast .nrbn.: ^ - < 

OVERVIEW: Upon cOTipletion of this lesson, you will understand and apply the 
principles and ^techniques, of welding cast iron. 

MOTIVATION: 



BODY Time: 



PRESENTATION' 

Refer to objective #1 

1^ Hard surfacing, cutting and 
* resistance welding 

a. Hard surfacing 

(1) Applying a hard metal to 
a softer one 

(2) Applied to many parts and 
equipment ^ 

(a) Farm and heavy eqijipmerrt 

(b) " Snow plows ^ railroad 
rails 

* . • - 
- (c) Home Tools 

(3) Basically ^e same 2^ 
' oxyacetylehe hard surfacing 

(a) Differs rn method of: 
> • ' appl icition (ARC) 

' m) Acivantages of hard surfacing '^ - 

^ . ' ^ (a) Increase the life of a 

EKLC ^ part 2^25 tirtiK llB \ 



(b) Resistance to 
^ Wear 
Z Abrasion 
J- ebrrosibh 
impact 

(5) Three general groups . 
' (a) Ferrous allbys-irbh base 

J_ Group 1&2 

(b) Nbh-ferrbus alloys 

— - A 

X . Small amount of irbh- 
group 3 

(c) Diamond substitute 
L Groups ^ & 5 

^ Powdered or tubes 

(6) : Method of appl icatlon 

(a) Metallic arc 

(b) Carbon arc 

(c) bxyacetylene 

Hard surfacing can be used dn 

{]) tow and medium carbon steels 
.501 or less 

(2) High carbon steels . 

(a) Heat treated before and 
; after tb rembye bfittleness 
and prevent cracking 

(bj if heat treating cannot be 

dbhc^ use the trans i tion method 

t 

' J_ 18-8 rod to build up* then 
hard surface 




(3) Almost all ferrous metels 

J< \ 

• , V J \ : 

(^) Low alloy steels - heat 

treated after 

(5) Mahgehcsc steels, 11^1^% 

Manganese - ■ ~^ 

* 

(a) Avoid overheating 

(b) Peeh after- welding to 
relieve stresses 

V 

(6) Stainless Steels 

-.- __. _ ' t- 

(a) Maintain car res ion 
resistant properties 

(7) Cast Iron, (gray* and alloy cast) 

(a) Melts lower than stainless 
steel 

(8) MalleaBle Jrbh ^ 

(a) ^ Reheat to remove sab - 

surface brittleness 

(b) ISOO^F 

(9) Monel metal , 

tlb) In some cases, ^ heavy sections of 
brass ^ bronze "and copper 

(a)' Reheat to a red heat then 
apply group 3-allbys 

Hard- surfacing cannot be applied to: 

(1) Thin sections of 

(a) Brass 

(b) Bronze 

(c) Copper and its alloys 

(2) Aluminum and its alloys^ 

(3) High speed steels • 
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d; Al loys: used for hard surfacing 
(1) Classified Into five groups 

(a) Gr. 1-801 or more of iron 

(b) ^ Gr. 2-50t t6-8bl iron - 

(c) Gr. 3-hbh-ferrbus alloys 

(d) Carbide materia [up to , 

95% tungsten carbide- ^ 

' . ^ . (e) Pure crushed tungsten > 
carbide 

' (2) No slngU hard surfacing. materi,^^ is 
satisfactory for all applications 

. -_ ■ _ _•_ / ; «9 j_ - ' 

' , (a) "Depends on base metal and , 

desired surface 

J_ Hardness 

^ 2 Tou'^hness 

^ - ■ . . . 

3^ Shbtk and wear resistance 
ex" anvil after hard 
surfacing 

e. fletal Preparation 

(1) Cleaning -Hechahical 

(a) ' Machining 

(b) Grinding i 

■ (c) Finnf. Y ' ' 

' _ _ * • _ _ _ _ _ « 

(d) Sandblasting and wire 
• brushing as a last resort 

> only . 

1 ^^cause_>grease and oil are . ^ 
■^driven into the metals pores 

(2) Round off thin edges to prevent 
; overheating ; . 



P reheat uiy 

(1) Same Frrecaut ions as for 
welding 

(2) Heat treated steels are to be 
annealed 

(a) Re-heat treated 

(3) After h^at treatment use a slow 
quench 

(a) Oil 

^ 9 

Thickness of hard surface will range 
from 1/16" to lA" 

CD Bead Width to 1 1/^ 

(2) If a greater build up is required 
use group 1 alloys then finjsh 
wi th group 2 or 3 ■ . 

Metill ic Arc Welding 

(ly^ Bare or coated electrodes 
use DCRP 

(aj Except some of groups 
4 s 5 

(2) Flux coating 

(a) Assures good penetration 
(B) Helps stabilize the arc 
(c) Prevents oxidation 

\^ Provides slag coating 

(3) Hold a long arc 
{k) Bare electrodes 

(a) Produce heavy beads 

Carbon arc welding 

(1) Can be tised for aU metals that 
can be metallic arc welded 



(2) Straight polarity ^ 

(a) Non-consamable electrode 

(b) Used for sonfe of the group 

k and 5 powdered and granulated 
alloys 

1. Arc euttihg 

a. Used to cut riori'-ferrous material 
and cast iron 

b. Used in welding shops 

(1) Used in scrap yards for 

salvage work \. 

(2) Fast and economical 

c. ' Three arc cutting processes 

(1) Metallic arc 

(a) Ae or DC Straight polarity 

(2) Cffbon arc 

(a) DC straight polarity 

(3) dxy-Arc 

(4) All ar^ faster than 
bxy'-acetylene 

(aj But leave a rougher 
cut , 

Appl ication 

(1) Metallic Arc <^ 
(a) Flat type^ heavy coated 



2^ E-6bl2 or E-6ei3 

(b) Coating serves as insulator 

V 4- To prevent rapid:merting 

[ of electrode 

' ■ ' ■ • ' ' f ^ - 
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(c) Current setting much higher 
than for welding 

diameter - current 
1/8" 205 amps 

5/32"' 300 amps 

3/16" - 460 amps 

(d) Gutting procedures 

/ 4- Safety -clothes are^^rn 

2 Remove all combustible 
• mater ja.l_ — — 

3- Start frbm>tdp of part 
to bottom 

^ AC or bCSP 

* _ _ _ ' 

(2) Carbon Arc Cuttrng 

(a) DCSP, high current^ 
long arc 

(b) Carbon electrode 
• J Tapered 6-8T 

(c) Cut 'f rom top to bottom 

(3) Oxy arc - 
(aj Special hoi lew electrodes 

(b) . Regular heavy coated 

electrodes 

(c) Carbon electrodes 

(d) Holder has 05^gen orifice 
to blow away metal 

(e) .Speed of travel like 
oxy-acetylene 

r _ _ _ _ 

J_ Jagged cut . 

* (f) Metal is not as in 

pxy-acetylene cutting 
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3. Resistance Welding: 

Metals resistance to electric! ty. flow 
Metal turns plastic r EXPLAIN . 

a. Spot welding 

(1) Most widely used resistance 
welding process 

(2) Wel^d i^ made at one spot 
between the electrodes 

b. Spot welding machines \ 

(1) Rocker arm 

(a) Upper ann pivots 

(b) Lower arm in fixed 
position 

(c) Air pressure or hydraulic 

(2) Press type spot welder moves 
straight up and down 

(aj Lower arm in fixed 
* pbsltibh 

(3) Multiple spot welders 

(a) More than one weld 
mass p rod uct I on 
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Cb) Used in aiita 
production 

.> ' * . ; . : 

(4) Portable. gun spot Welders ^ 

(a) Where part won^t fit jn^ 
jaws of _ convent ibnal 
spot welders 

c. Seam welding c. 

'(1) Same prihciple as spot welding - 
electrodes are copper alloy wheels 
or rollers 

(2) One of the wheels is motor driven 



(3) Varied 

(a) Current 

(b) Speed bf travel 

(c) Weld space 

(4) books like continuous weld 

(a) Really a -series of 
spot welds 

(5) Used on": 

(a) Inner combust iqn chambers 

(b) Outer combustion chambers 

(c) Fuel tanks 

(d) Othfer.-l->q">^ 
tight containers 



Always test first with 
scrap metal of the same 
type as that to be spot 
welcied 



Spot welding electrodes 
^(-1) High copper alloy 

(a) 80? electrical conductivity 

(b) Various types of surfaces 

(2) ' Hollow 

(aj Water cobled 

j_ 1 galJon per minute 

(3) Cdntactface diameter" should 
equal Ml of plate to be spot 

^ wel ded 

(4) Re-dressed regularly with a die- 
; point dresser or emery cloth 

fletal foil welding unit '-vacuum tube 
welder 



(1) Designed to weld metal from 
.062"' - .908" thick 

(2) Less heat than spot welders 

(3) Adjustable heat and repeat cycle 
\k) Designed to wclJ foil or mesh 

(a) Used oh insulation blankets 
oh some types of jet engines 

(b) To keep heat away from other 
a! rcraft parts 



• - (c) Helps to maintain maximum 

ehgihe performance 

(5) Damages 

(a) . Tears 

(b) Snags ^ 

- (c) „ Pin holes 

Cut patch with scissors 

(6) Welding 

(a) : Set single-repeat switch 

to single 

(b) Turn bn power and wait for 
^ green light to come on 

■ (cj Set curreht 

(d) Hold tapered ground fiat agaihst 
the work to obtafn the best 
possible ground 

' Check for. strength 

2_ Pull patch off if possible 

k. Factors to consider for resistance welding 

a. HaVn variables 

(1) Current . 

^. ^ ■ . . . 

(a) Heat to obtain plastic state 



o 
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(2) Pressure 

(a) fd combine the plates 

(3) time 

(a) tong enougfi.fbr proper 
fusion 

{k) Electrode contact area 
(a) Must be 4T 
b. timing periods in seconds 

(1) Weld time 

(2) Squeeze tim^ 

(3) ^ Hold time 
ik) Off time 

(a) Metal cooled^ cycle 
completed 

(b) Electrode released 

5. Preparation of metal 

a* yery important to get maximum 
electron flow 

b:. Emery c th and acetone 

- i *•■ 

6. Welding carbon steels 

a- Easiest of all metals 

b. Because of its wide plastic range 

c. Welded with a variety of 

(1) Current settings 

(2) Pressures 

(3) Time settings 
7i Welding Stainless Steels 

>• Easy to weld but time, pressure, ah^^ 
current mult be controlled 



b; Because of carbide precipitation 
c. Welded as rapidly as possible 
- 8. Titanium and Its alloys 

a. Clean ihg is most important 
(1) Wash in trichlorethylene 

^ (2) jnunersibn for 10-^15 TO 

in a concent rat i6h of 8^ 
nitric acid and 2% hydro- 
flburlc acid 

9. Test spot weld for strength^ porosity, 
^ nugget size and shape 

a. Inspection of outer surface 

(1) Smooth and flat ^ 

(2) Free of cracks 

' (3) Free of tip pick "P and 

flash pits 

Ca) *Nb contamination from 
, electrode 

b. Internal inspectibh 

(1) Sheared weld should 

(a) Tear away from other plate 

(b) Fine grained and round 

(c) Rough fused 

(2) HaiSner and chisel 

t3) Microscope is used to determine 
grain size and check for cracks 

(4) Pehetratibh 20 to 80% of T 

10i Perform operator roaihtehahce of 
resistance welder • ' 

a, eieah contact surfaces of Icwer 
annature with steel .wool 

: . ,',130 
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(1) Every six months wherv welding 
steel 

(2) Every mon^h when welding 
atumtmiin 

/ * . 

__ _r_ - ' I. 

(3) Die point dresser and eanery 
cloth " 

(4) Lubricate swivel arm every 
: ^ eight hours 

11. Utilize health and safety equipinent 
a. For Arc Cutting 

(1) #10 or 12 lens 

(2) High^ top shoes 

(3) torig sieevedl shirt 

(4) Leather sleeves and apron 

(5) Gloves 

B, For resistance welding 

(1) Gloves 

(2) Face shield ' ' 

12. Practice snop safety in performance 
o-f required tasks 

> 

a. Dai ly clean up . 

b. No smoking in lab 

c. Check area for flarnnable materials 
while cutting \^ 

d. Check cables for cracks or frayed 
wj res 

e. Use protective clothing for cutting, , 
spot welding and when using ponrer 
equipment in the shop 



APPLICATION / 

1. "felven material, students will operate ^ 
resistance spot welders and Foil welders 
ihd wl 11; weld vari bus types of material 

A to TO J^tWlf-l^-S speclflcatl^^^ Students ^ 
wllf also arc cut arid perform rai nor 
maintenance on spot weldirig equlpmerit. 

2. Assistance will be given when necessary . 

. 3, Studeritswill observe al 1 safety prec 
i during weldirig prbceduires, ^ 



EVALUATION: 

1. Students will be checked for preparation 
of metal, riugget size^ penetration and 
grain size. 



2. Studehts will be checked forcleanress 
of arc cut* 

3. Students will be checked but while performing 
minor roairiteriarice' bri resistance welderst 



- _ - END OF PAY SUMMARY 

1 . Hard surfacing 

a. Groups < ^ 

b. When used 

- - \ 

2. Arc Cutting .- ^ . 

a. Types 

b. ' Principles 

3. Resistance Welding 

a; Types^ " . 

-b. Principles 

Ci flairitenance' 

d;. Weld efiarefcter-i sties 

O e. Seidction of electrode sizes 
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PRINCIPLES OF OPERATION AND MAINTENANCI OF 
ARC WttDINO MACHINES 



OBJECTIVES 



- After coo^cting this study guide and classroom instruction* you will understand 
b^ic electricity and the operating principles as they apply to arc weldteg rachines. 
You wtil set up an arc welding machine for welding, and perform operator maintenance. 



INTRODUCTION 

The electric, current 
' used f or metallic^ 
arc. welding is supplied 

by a machine that 

converts line voltage 
of HO, 220, or_4«r 
yplts to low voltage, 
high ^amperage current . 
The heat required is 
generated in the space 
between a constable 
electrode and the basic 
metal by the ^currcxxt 
jumping this space wi 
creating an electric' 
arc. The temperature 
of this arc TOries from 

5^000* to id,dod^F'. : 

Since you mast know 

what controls ^is arc . 
' and why it needs to^_^ 
be controlled,. we will 
discuss the operation 
and maintenance of the 
various types of arc 
welding machines. a 

INFORMATION. 

' MANASeiENT OF DEFBiSE 
ENERGY AND RESOURCES 

Due to the conservation 

of mcr©r_ resources, 

do not write in or mark'^^ 
on any training literature 
since, it will* be reused __ 
by ' other classes . I.igjits 
will be turned off any 
ti^ the classroom is 

vacant for more th^ 

20 m^f^utes. All consumable 
materials will be ixsed 
conservatively throughout 
Block m. 
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Flgitre 2. Svrplified JHagrcam of Electric 
Arc ^tdvng Circuit. 



EUNDASESfALSOF 
ELECTRICITY IN 
ARC HEtDINS 

^ thex:e are basic electrical 
facts which you should 
Imow in 'order to 
miderstand the purpose 
and ijse of electricity 
In arc welding. ' 

Ciircuit 

' 

' : -Electricity cannot 
flow i^thqut a complete 
conducting path. . This 
path is called a cixcxiit. 
-In ar.cjwfelding, this 
circuit is made, up of 
the \i^ding leads ^ 
electrode, and'jthe arc 
streamy as shown in 
figure 1. 

VQltage 

Electricity needs _^ 
•a push to move through 
the circtxit ju^t as 
water^does through ^a 
pipe. This push is 
supplied by 
electromotive force 



cpnmonly known as ^voltage, 
me yoltage is ^catcd 
by an Imbalance? of 
electricity. This 
Imbalance is created 
\^en the welding generator 
develops an_ electrical 
charge greater than 
^e resistance, in the 

leads. The voltage 

then forces t^c electric - 
' currrat thrbug& the 
welding lead and electrode. 
As the curt ^t reaches 
the end of ;Uie electrode^ 

the voltage builds . 

up iintil, like lightning, 
it has ^e necessary 
pu£& to force the current 
acr6^s_the^c gap. 
The current passing 
across the arc gap 

releases ^e^gy In 

the form of heat^ causing 
the molten pool to 
form almost Ismsediately. 

Ampere ' - . 

in order to control 
the amount of electricity 
in any given circtiit, 
it needs to-be measxired 
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Figicpe 2. Arc? C7m»s.'?te2»£stics 0/ Eeai>y^Coat&d Electrode. 



flr^t^^Tte txn±t of '! ' 

ineasuremeat Is called** 

an aotpeire* ' Axi ampere - 

a^meastsre^ of tbe ^ 
*aiiiouiit^ of.jcurrent* 
flowing p^t a. given 
point is, s second. 

Ohtll 

the rate of current - 
flowing In the cl±cult 
is partially deteni^ed 
by the amomit of resistance. 
Resistance to current 
flow is measured in 
^ ohm^. Each metal^ has 

iti' own .amount of 

reslatmce^ In welding, 

leads must be made 

from a metal- which 

has a low resistance. ^ ' 

Since copper is one _ . 

of the best conductors ^ 

<ldw reslst^Ke)', it 

is lised In msuiy electrical 

appliances » generators; 

line^> and weldiixg 

leads. Steel has 

a high resistance and 

would become too hot 

for welding purposes 

other than its use 

as an electrode. 

Arc Length 

metallic arc 
welding, the proper 
l^gth of arc is jS' ^ 
necessary, to concentrate 
the heat "on the wrk. 
W.th a long arc» much^ 
of the heat is lost 
by radiating into 
the atmospherev A 
ihort arc is more stable » 
giving oore control 
of the molten pool. . 
With a ihort ai:c> 
vapors frbm the buralag 
electrode coating 
surround the electrode 
Hiatal and_the molten 
pooly preventing air 
£^om reaching them. 

ARC WaOISG PRINCIPLES 

tJhcn a current- ^ 
carrying "circuit is 



broken, the current will 
continue to flow across 
an bpenlng^u&til j:he 
<^gap becomes too wide, 
li bridging this gap^ 
the current is carried 
by superheated ^ses 
from the heated atmosphere 
and particles of metal 
from the terminals, 
this will ^develop an 
Intensely bri|^t ^ght 
which is cailed an 
ciectric arc. Since 

resistance in the " 
arc is very hi^ » a 
great deal of electrical 
energy ^ converted 
into heat, both _i^ 
the arc ^d at the 
points at" wfai^ it 
^tefs and l^cves the 
terminals.^ :^^_the 
proper ^sc Isigth is ^ 
used^ the_ metal exposed 
to it will s^t al^st 
instffitly. Figure 
2 shows the characteristics 
of the electric "arc. * 

Polarity 

Every electrical 
circuit has a positive, 
and a negative terminal 
or pole, ta a direct 
:circtiit current (DC5» 
^ . - 2 



the current flows in 
o4e direction only. 
The line t^t carries, 
current from the supgly 
is call^ the positive - 
side^ and tiie line 
that, retxnrns the current 

to the supply is called 

the negative side-jdepending 
on_ the theory used) . 
^ol^^ty^s ?topiy 
defined as the direction 
of current -flow. By 
changing ^e direction 
of the current, throu^"" 
the work and electrode,/ 
the polarity is changed. 

In straight polarity, 
the work is. comiected 
to. the positives side^ 

and the electrode is 

connected to the negative 
side. In reverse polarity ^ 
the work is connected ^ 
to the negative side 
and the electrode Is 
connected to the positive 
side. Figure 3 illustrates 
currmt flow In straight 
and reverse polarity^. 
DC welding. ' / \ 

Wieniiising alternating 
, current (AC) welding 
machines » there is • 
no polarity choice. 
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A» Straight Polarity i 



B. Reverse Polarity. 



Fi§isre 3. FoZarity.of WetdCrig VircuitBi 



■ Altexnatiag current 
changes its direction 
of flov twice each 
^de* Becanse of 
this , AC machines 
cannot be used for 
3yTt types o£ voiding. 
However, AC welding 
does ha^e one advantage 
gver DC ^Id^^; the 
changing polarity 
reduces or eliminates 
•'arc Mow." 

Held Metal Deposition 

& all metallic arc 
T^lding' processes 9 
five separate and 
distinct, forces are, 
responsible for the 
- transfer of molten 
filler ^tal and slag 
to the base metal* 

(SAVITT. ^This is 

the principle jwhi^^ 

accounts for the transfer 
of molten metal in 
the flat position* 
In thtf^ther welding 
positions^ gravity 
may cause a loss of 
weld aet^ and slag 
^because surface t^sibn 
cannot retain large 
amounts of mDltsi^ 

. metal and siag_in the 
weld crater. In these ' 

^ cases, a OT^ler electrode 
'with iowcr currmt - ^ , 
settings should be^ tised • 



GAS EXPMSIOS._ A 
gas isjroduced^by 
the. burning of the 
electrode coating*, this 
gas expands from the 
he^tjat ^e electrode 
tip md helps tol project 

the molten globules 

of in^tal and slag away 
from the electrode tip 
and intb the molten 

pool* Th e e lectrode 

coating, extending beyond 
the tip of the electrode, 
controls^he direction 
of gas es^ansion and 
directs the molten metal 
into tiie molten pool* 

EJ^C^EWMGlIETld FORCES l ^ 
The electrode tip acts 
as an electrical conductor* 
Since the molten metal 
^obtde is also an. electrical 
conductor^ it is affected, 
by the magnetic forces 
acting at 90 degrees 
to the direction of 

ctmrent .f low. These 

forces produce a pinching 
effect oh the metal 
globule and speeds its 
separation from tiie 
^d of the electrode* 
This is particularly 
helpful in tr^isferri^tg 
the metal in the horizontal^ 
vertical^ and overhead 
positions* 

EISCTRICAL FOI^fES. . . 

The force produced by the 
3 



voltage across the 

off globule of metal 

into the molten pbbl 

regardless of the welding 
position* 

Surface tension is • 
tSie fo^ce which_ keeps 
tte fiJitt metal snd 
silag in coxxtact with 
the molten base metal , 
i^ 

It lielps to retain 

the mblt^ metal in 

^e horizontal, vertical, 

and overhead positions, 

and is a detesnnining 

factor in the_shape 

of the weld contour. 

Magnetic Arc Blow 

> A plienomehoh of DC 
arc welding is' the 
tendency of the arc 
to waver as though 

being blown against 
it* This trouble is 
often encotmtered when 
welding in comers - 
and at the start and 
end sOf butt joints. 
The arc is forcibly * 
moved by a ^magnetic 

in the work by the 
flow of the^ welding 

current ; The direction 

and amount of the arc 



bending depends on the 
direction ^xid strengtti 
of the magnetic field* 
3i order. to eliminate, 
qr iainiiiiize this 
Interference* the 
'position b£ the ground 
in telatiqti to the arc 
or the angle to the 
electrode should be 
changed* Although these 
070 methods axe not 
tte only way to eliminate 
arc blow, they do work 
msre of toi than any: 
other method. As you ; 
become ii^r^ pT^oflciJStit 
in welding; another 
method may be found 
which works better. 

SEtEETIOH OF CURRENT 
AND ELECTRODE 

The selection of the 
proper _ welding current 

upon the size of the 

electrode » thickness 
^of the ^tal being 

welded; position of 

the weld J add the ea^jerience 

flmd sIcilJL^of the welder. 
' Since several factors 

may affect ttie current 

settix^s* izifocmation 

published by welding 

machine mahijfacturers 

sl^ould^ b^ used 

as a guide. 

toe of tte difficulties 
often encountered in 

learning to strike an 

aic iB hsv^g the electrode 
freeze to the work» 
This can.be pvercdme 
by moving tte electrode 
across the work, as if - 
striking a match » as 
shown in figure 4; 

After establishing . 
the arc, develop a .long 
arc momentarily to preheat 
^e base metal ^ then 
shorten it to the^proper 
'^length and continue 
the weld, the proper arc 



iDC'Aiie^s^srmieic just as 

I TOO WOUL0 STKtKC A 



Figure ^. Vvooedjjcce for 
- Striking ths^ i4re; 

length is approximately 
the same as the; jHaseter 
of the electrode and 
has a characteristic- 
hissing and crackling 
sound. If the arc 
is too shorty it will* 
sputter, go out 
intermittently; and 
the electrode will 
stick to the work. 
An ^c that is too 
long causes spattering^ 
loss of puddle control, 
and poor penetration. 

General Procedures 

The fbiiowing are 
general procedures jto^be 
used when arc welding: 

1. Clean the surface 
of the metal to be ' 
welded. 

2; tecbii the welding 
cables. ^ Place the 
grbuiid plate on the 
welding t^le and the 
. electrode holder in 
its receptacl%. 

3^ Plug in the. power 
cable and start the 
i^^ine; 

4./ Grip the electrode 
in the holder near 
the md. 

5; ^ick out a definite 
spot on_ the plate^ 
lower the helmet, 
and strike the arc; . 



6. Hold a long arc 
iiK»nentarlly» then 
shorten it; 

7* ^reak the arc 
after depositing a few 
globules of metal. 

8. Continue this 

procedure until the 
arc can be struck at 
the^irst attCTgt and 
at the right spot. 

^ECAUTIONS ; " 

1. MA KE S URE THE 

GROUlU) COMNilCXxOK 
W 1^ H&C^^ 
IS PROPERLY MADE. 

2. ^QW "FLASHING" 
YQUSSELF OR 
OTHERS. 

3. flSE_PLIERS _T0_ _ 
HANDLE HOT METAL. 

CUA.S.S. Rule 

There are five major 
factors of welding 
^ich will greatly 
affe ct th e quality 
of the weldT": By taking 
the first letter of 
each and forming an 
^bfeviatibn f rbm_them, 
the name C.L.A.S.S. 
rule was formed. The 
factors are: ^ 

This, can affect iihdercut^ 
overlap, and penetration. 

_miG!m OF ARC (L). 
This affects amount of 
splatter, bead shape, 
and penetration. 

OF mEC^OUE (A ) . 
The €d.ectrode acts imich_ 
the same as an o^acetylene 
torch in this manner . 
"fodercut^ overlap^ and 

improper weld bead ^ 

contour are common defects 
caused by improper angle. 



138 



SFbW OF miVEL (S). ' 
Variations of this factor ' 
c?p cause variations 
In bead height » bead 
width ^undercut, and 
overlaid • 

SELE^ION OS SDECTH^F 
f5j,_The correct selection 
Is lisportant in getting . 
the proper taechani cal 
properties is a veld. 
Common defects, caused '• 

iminroper selection 
are loss of corrosion 
resistance and ductility 
i n the veld, 

ELECTRIC ARC 
HIDING MACHINES 

The function of "an 
- electric arc veldl^g_ 
ma^h-ftffi Is to provide 
the source of curr^t 

necessary for veldin|# 

It also provides a means 
for stistaining ^d 
controlling tl^ amount 
of velding current. 
These functions are 

achieved to various 

vay8» depending on , the 
design features of the 
ii^tifacturer. Although 
arc velding machines 
may be classified in 
*vari6tJ8 vays, they are 
el ther^^rect current 
(DC) or* alternating 
current (AC). ^ ??c^t 
years 9. however, electric^ 
^d selenium plate 
rectifiers have been 
_ developed which operate 
on AC to produce^a DC 
velding current. 

DIRECT CURRENT ARC . 
WELDING MACHINES 

DC arc velding machines 
are suitable for use 
on aU metals. They 
txsuaily proNduce more 
satisfactory results 
when velding tldn 
materials becausi of 
^ the lov current settings 



required. However^ 

•tie type of machine 

bes€ suited for metallic 

upon sany factors. 
The main, difference 
betveen AC ^d DC, ar<^_ 
velding is in the lover 
initial cost and lover 
operating costs of 
t^e AC equipment. 

Electric Jtotor-Driven 
Generator 

The MSt videly used 
velding-^machlnes are 
tt^ mptor-gezieratpr 
type. These machines * 
operate on electric 
power and produce 
direct current of the 
proper characteristics 
for arc velding. They 
cons is t of a driving 
2S>tor and a direct 
ozrrent generator. 
The armatt^e of ^e 
generator Is mounted 
on the same shaft' as 
the rotor of the driving 
SE>tor; The shaft is _ 
supported, at each eiid 
on ball b earttigs and' 
t^e machine is made _ 
as compact. as possible. 
Two controls for the 
veldlag current are 
provided; one for large 
increases or decreases » 
-and tiie other for small, 
changes. Some ^machines 
provide a switch for 
Ranging polarity; 
^i^ereaSy others require 
changing the position 
of ^e velding^ cable 
leads.. A pushbutton 
switch located on lie 
control panel allows 
cdnvenieht starting 
and stoppisg^f the 
marine and overload 
protection for" the 
driving tor • ^ A volfflet er 
and ammeter permit, 
you to set the machine 
tb> the correct current 
output. Mbst of these 



(If 

machines sure mounted 
on a chassis so that 
you cam move them around ^ 
In tiie shop; 
can be mounted, either 
vertically or horizontally. 
Hotor-gQxerator welders 
are rated by current, 
dutpiit in az^eres' and 
range from 100 to 1200 
amps. A 300 amp welder 
is the average size 
tised^ most Air Force 
welding shops, these - 
current ratings represent 
,the. ^otmt of current 
which the Tiw chine can 
generate cbntinubtisly 
for one hour without 
exceeding a. specific 
temperature rise . However , 
they can deliver more 
than the rated current 

for i short period 

vitiiout damage to the 




figure 5. iortcable Gaaatine 
^Bigine^Dnv^ Apc Welder. 



Engine-Driven Seneratbr 

When an electric . 
power source is not 
available^ . a gasoline 

tised to drive the velding 
generator. The engine 

^_f3¥ipP^^_^^^ ^ 
automatic throttle:' 
'control and a governor 

t9_control the power 

demand on the generator. 
The COTiplete unit^ • 

usually mounted on 
a trailer-tjrpe chassis 




Ftgure- B. ^ Motor Generator (Ihtal Ckmtrol) Arc JTetdin^ Machine. 



and can be towed to 
the joT> site. 

The voltage from 
such a generator usually 
ranges from 15 to 45* 
volts across the arc^ 

although any setting 

is subjected to constant 
variation due to changes 
in the ^c length;^ 
^urr^t output may 
^vary from 20 to 800 
an^Sy depending on 
the type of unit. 
Tn most DC welders^ 
the generator is a 
variable voltage type 
^d is arranged so- 

that the voltage . 

automatically adjust^ 
itself to the^emands ^ 
of the arc. _The amperage 
is adjusted manually 
^d is_ set to the prbpet 
range by either a selector 
switch or a series 
of plug receptacles. 



.When both voltage and 
amperage cf_ tKe_ welder 
are adjustable by nanual 
controls,' tiie machine _ 
is classified as a /dual 
control type, as ishdwn* 
in figure 6. 



Rectifier Welder 

. The rectifier welder 

changes alternating 

cisr^t to direct current " 
for welding. Electronic 
tubes br selenium plates 
are tsed to, change (rectify) 
tfiree^hase alternating 
current tb direct c^raat; 
There are controls to 
chfoige the welding curtent, 
open circuit voltage, 
and polarity, the current \ 
output of these machines 
allow^ § ^table arc 
to be heid_at any setting. 
frOTi 5 to 75 amps- . This 
allows welding of metals 
as ^in as 1/16" as 



easily welding metals 
1/4" tfiick. 

ALTERNATING CURRENT (AC) 

ARC WEtDiNS MAeHlNES 

- . • 
- " — — , 
_The two general types 

the transformer and 
rotating types. Most 
AC arc welding machines 
are essentiaily_static 
transformers. The 
transformer of^prs 
three advantages: 
Ci) low initial cost, 
(2) low operating cost, 
said (3) _ low maintenance 
cost . Due to the^sence 
of msving parts, the 
initial and maintenance 
costs are less t^n 
that for DC machines.* 

transformer Type 

_The transformer type 
of AC welding machine 
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operates from one ; 
phase of the power 
supply, the primary 
winding is connected 

to the power line 

wkereas the secondary 
winding is connected ' 
to the weldi^S„ cables; 
Some machines have 
the transformer winding:^ 
tapp^^ at intervals 
to aUow * changes in 
the. welding current 

to be made . By using 

the different, taps, 
you can increase or 
decrease tfe current 
to suit your needs. 
Other machines have 

a movable coil or 

core whidx is controlled 
by a handwheel. _ Current 
settings are^ade 
by either turning 
the handwheel clockwise 
or count erclo^wise 
to raise or lower 
the current setting. 
These machines are 
rated by current output 
and are available with 
a \H.de range of current 
settings. Since, these 
transformers draw 
current only during 
the time the weld 
is being runj they 
give remarkable ec^omy 
fn power consumption. 
They, are easily adjusted' 
to the required current 
settings and require 
very little maintenance. 

Rotating Type 

f 

The rotating type 
of welding machine 
is a motor-^generatbr. 

It can be combined 

with a frequency changer 

to allow the welding 

machine to be craverted 
to heli-arc operations 
of to a pliase changer 
to supply auacili»y ^ ' 
power for tools or 
lights . A two-position . 
switch permits selectiorr 



. m 

of either a hi^ or maintenance schedule 

$ow ciifrent. An_axnciliary shbxild help prevent 

control is used for breakdown sid 

fine current adjustmsits. prolong the life of _ . 

the equipment . Detailed 

Accessori es iMtractlons f or the 

^operation ^ maintenance^ 

Arc welding. machines overhaul^ and the parts 

require certain accessbiries catalog for specific 

to < make a co^lete ^^^^ welding 

welding outfit. machines can be found 

in the series 

WEWWQ C ABLES . Welding TO entitled ^Veiding 

c^les (leads) are_ Machines and Related 

rubber covered^ multistrand, Eq^ipm^t." An Inspection 

copper cables made record noting dates 

specifically for arc and_ mai n t en an ce performed 

welding. The size 7 is kept~^fdr"each"maci^ 

of cable^used depends ^ _ - _ _ 

on the normal welding Cleaning arid Irispectidn 
current and the distance. 

from 'the machine to 

t±oe work. For. distances 
up to 50 feet^; a 200 . 
ampere machine sliould 
have a Ko. 2 cable, 
a 300 ampere machine 
should Have a No. 0^ 
cable,, and a. 400 ampere 
machine should have 
a-Nb. 00 cable. 



A maintenance schedule 
is set up to keep the 

welding machine in 

good operating conditions 
This maintenance should 
be s^ieduled according 
to how often the machine 
is :used . 



_ ELECTRODE .HOLDER. 

is attached to dne_ 
6£ the welding cables 
md^has a clamping 
device for holding 
the electrode, paribus 
sis^s are a'^.lable _ 
according to the amperage 
capacity of the welding, 
machine. 

WAINT ENANCE OF ARC 
WELOINg MACHINES 

Ihie to the amount 
of dust and grit pressit 
in all welding shops, 
proper maintenance 
of equipment is very 
i^ortant . .Although 
you can perfbrm rbutine 
maintenance, a qualified 
electrician should. 
' perform any extensive 
repairs or adjustments. 
The following periodic 



On a daily or "as 
used"_ba8is^ the cables^ 

ground ,r.1 ampj^ _ 

electrode holder should 

be checked for bare 

wires and loose connections; 

_ On a_ weekly basis > 
the welding machine 
should be dxecked for 
loose nuts y bolts ^ _ 
screws, or parts^ These 
' components tend to 
'work loose due to the. 
yibratibns of the-.tobling , 
fan and generator. 

Air is drara into 

the machine by the 
cooling fan axid circulated 

thrbugh passages a^ 

around the motor-generator 
windings. Ah acctimulatibn 
'of dust in the^e areas 
will cause blockage 
of the air flow and 
an increase in operating 
temperatures. Clew . 
but the machine with dry 




deep bronze color; _ 
Kidges or po^ets on 
the siirface of the, 
cbznmutator should be 
removed by tiiming 
it down on a lathe. 



Figure ?• 

compressed air as^ shown 
±n figure 7. If the 
i^ie^i^s-gr^asyv 




it should be i^aken^part 
ffld thorougjiiy cleaned^ . 
This is done on a mcmthly 
basis* 




Figure 

Electrical switch 
contacts that are pitted 
should be s^ded 
smooth (figure 9). Badly 
burned contacts should 
be replaced* 



The windings of the. 
generator and motor 
P^lk'f^^'^^ ^n^« should be inspected 

_VSa once a year • A coat 

^VLLWi ■ mmmm ©f shellac shotsld be 

applied if they are 
Figure 8* or cracked. 

Electrical Parts ^ tubri cation 

During the monthly ^eldteg fls^laes 

inspection, check the . having moving parts _ 

condition of the switch should be lubricated ^ 

pointSi brushes i.cbmaiuta tor, at 4 to 6 ^nt]^ Intervals 

shewn in figure 8, - deprading on the number 

and the bearings. of operating hours. 

Brushes ttet have _ The more the weMer 

vorn chough to appreciably is used, the shorter 

reduce their spring the time between 

tcnsipn should be lubrications. Be sure 

replaced. Brush springs rot to use too much 

thgt have bess weakened grease since the excess 

from overheating ^oixld . cdtad be thrown onto ' 

be replaced to assure t^e commutator or windings 

positive brush contact. and cause deterioration 

of the insulation and 

Each time the brushes a possda>le short 

are replaced the commutator circuit. Use the grease 

should be_ checked specified by the 

for deahlihesf and ^nufacturer as found 

wear. A coammtator on the data- plate or 

in good condition has a in the Mil Spec. ^ 



SAFETY 
Eyes 

The helmet is. your 
XEtbst important it^ 
of personal safety : . , 
equipm^t • t&en. £ i 1 1 ed 
with the proper lens, 
??_P?°?^?^ you from 
three types of radiation; 
heat , light , and infrared 
and ultraviolet rays. 
Since the light rays - 
ran be harmful to other 
people in the area , 
use screens or shields 
^^bund" y b ur ^vark-, — If ^ 

weld in an open area,, 
keep all_ unnecessary 
personnel away and 
make sure that your 
helper has aidd uses 

a helmet^ shades 

are determined by the 
amperage used in welding. 
^_No .10 shade is 
satisfactory -up_ to 
200 amps; from 200 

12 shade is used; and 
for over 400 amps, 
use a 14 shade* 

Clothing 

Wear gauntlet type 
leather gloves to protect 

^td: hands from heat 

and sparks. Use a leather 
apron to protect your 
clothing f?OTi sparks 
and globules of molten 
metal. "Wear high top' 

shoes and trousers 

without cuffs. Cuffs 

collect hot sparks 
and molten ^etal which . 
may ignite your clothing, . 
resulting in serious 

burxls • Never wear 

torn or ragged clothing 
since it can catch 
fire easier and exposed 
parts of the body may 
be painfully btixrned. 
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Electric Shock' 

iHhen wdrk^g to f 
wet area, be yery careful 
wfieii changing electrodes • ■ 
Stand on a dry board 
or some other type 
of insulatiiig material 
and BE SCBE that the 
machine is (Si(WiyED* 

Grinder Operation 

A grinder is a slaq)le, 
easy to use tool but 
should not be taken 
lightly.. If ixsed 

iBpTOpMly, it can 

cause severe eye damage 
and oxts." 

Even if the grinder 
has a clear shield ~ 
mbtxiited on it, a face 

is required 
for eye protection 
from flying sparks ' 
md ^ips. Safety, 
goggles jnay be iised 
vhen a face shield 
is not available. 

A tool rest on ffie 
grinder is another 
piece of safety 
eqxiipment and i^ould 
: be positioned no more 
than 1/8" from the 

grinding wheel. A 

distance of more than 



this can c^se the 
wheel to "grab" the 
metal but of your- 
hand *md thus result 
in a severe cut. 

Note: Always let the 
grinding wheel obtain 
full rpm before xoslng 
it. 



QUESTIONS 

^te : teswer all 

questions on a iseparate 
sheet_bf paper. 
DO NOT WRI TE QtUTHTS - 
STTOY GUISET 7^ 

1- How are the cables 

connected for DCRP? 

2. Wiat are electric 

forces? 



_ _? • What determines 
the type of grease 
to be used on welding 
machines? 



_ _ _ / 23 

6; What effect does - 
a iong arc have on 
voltage? 

7. What is surface 
tension?. 

8. What are the 
amperage and voltage 
requirosQits for a 
welding machine? 

9. Where is the 
heat _ generated when 
welding? 

10. What determines, 
amf^erage settings while 

weldfflgT ^ 



REFKENCES 

1. TO- 34W4-1-1 , Welding 
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2. Modern Welding 
(Chapter 6)^ Arc Welding. 



4. What determines 
^e polarity setting 
on a welding machine? 

the flow of electrons 
across the arc? 
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IDENTiFieATi0N A(4D.. SELECTION OF ELECTRODES 



OBJECTIVES 



After coinpieting this study guide and classroom instruction, you ^^ll_i^entify 
aad select electrodes using nilitary specifications and AWS numerical and color 
codes. - 



INTRODUCTION * - 

^ The electrodes used 
for metallic «c welding 
dp the same Jol? as. 
the_ filler rod in 
okyacetylene welding. The 
major difference between 

flux coating on the 

electrode. This flux 

coating serves to protect 
the weld from oxidation 
>^ile it_ cools. There 
are two basic types 
of flux coating with 
variations of _ each 
one. Since these electrodes 
^ad coatings are designed 
for a specific purpose, 
it is li^cessary for 
yos to be able to _ 
idmtify them by their 
number or color code. 

IHFORHflTION 

BANAGEMENT QE.DEFENSE 
ENERGY AND RESOURCES 

!bae to the ^conservation 
of energy resources , 
do not write in or^ ' ^ 
mark on any training 

iiterattire since it_ 

will be reused_by other 
classes. Mgbts will 
be turned off any time 
the <d.as8rb6m jls vacant 
more than 20 minutes* _ 

All cpxisumable materials 

will be used conservatively 
throog^ut Block III. 

SHIELDED ARC OR HEAVY 
COATED ELieTRODES 

In order to protect 
the weld metal from 



the harmful effects 

of 03^gen and nitrogen 
in the air surrounding 

the arc, some form of 

protection must be provided 
in the arc streazL. Since 
absbrpt ion of the oxygen 
and nitrogox by the 
hot weld metal causes 
brittleness in the 
weld, tlie electrodes 
are designed with a 
Citable coating to prevent 
this absorption. The 
coating product a gas 

which kee ps t he aj. r^ _ 

' from the^arc md forms 
slag which acts as 
a blanket to slow the 
cooling rate of the 
mqlten pool. This _ _ 
helps purify the weld . ^ 
by letting the impurities 
float to the sixrf ace. 

Shl^ded arc or heavy 
coated electrodes are 
made from wire which 
has a definite 
co^osition with a heavy 
coating around the^wire. 
These coatings have 
been designed to Is^rbve - 
the physical properties 
of ^e weld deposit, 
•to. control arc stability^ 
and to increiSc^the 
speed and ease of 
miding in the vertical 
md overhead positions. 
These electrodes are 
m^ufactured by extrusion^ 
wrapping, heavy clipping, 
or co^inations of 
these processes. The 
coating of these, electrodes 
??y_^? either cellulose^ 
mineral^ or a combination 
of both. 
. 11 



Reverse polarity 
electrodes have a cellulose 
coating made f rent wood 
pulp, sawdust, cottony 
or various compositions 
of rayon. This type 
of coating protects 
the weld by forming 
a '^gaseous shield as 
it burxxs aw^; This 
gaseous shield allows ^ 
the weld to cool and 
set up faster. This Is 
a distinct "advantage 
when welding in the 
- ggrr^^g^T Qy ovgrHAad — 

positions. z:r_:r:_z 



Straight polarity' s 
electrodes have a mineral 
coating made from metallic 
oxides in the form 
of nattiral. silicates « 
such as asbestos, clay, 
or specially manufactured 
: forms of silicates. 
This coating protects 
the weld by forming 
a blanket, of slag vhich 

reduces the cooling 

rate. Figure 10 illustrates 
the shielding effect 
of. the heirvy. mineral 
coating. ^ 

_ : ' : I 

Low Hydrogen Electrodes 

Sydrogen has a harmful 

effect alloy steels , ' 

su^ as causing Intergranular 

cracks \^ich' are% known 

as hydrogen cmbrl t tlemen t . 

This condition lowers 

the fatigue resistance 

and strength of the 

metal. 

Low hydrogen electrodes 
deposit a minimum of 




Figure 10. Action of Heavy Etectpode Coahiii^. 



hydr bgm In the weldment • 
The low hydrogen condition 
Is obtained by using 
special coverings of 
liro, titania, and Irbn 
powder CAWS numbers 
ending in ^, 6, 7, 
-bxTB). 



steel and low alloy 
electrodes. 1^ can 
be either, a four digit 
or five digit number • 
Each digit or gro5> 
of digits has a specific 
meaning 



Since, the £-6010 
electrode is the most 
common, we will* use 
it as the example of 
how- to Interpret this 
number code* 



the electrode conforms 
to AWSE-60iO, £-7016, 
and £-7018 specifications. 
It is used onward to 
weld steels (free 

machining) , high carbon _ _^ _ 

low alloy steels, and The letter E designates 

hardenable ste^s. / that this is m electric 

Although the slag i8_ welding fiHer rod_ _ ^ 

very fluid, good flat (electrode) . The first 

convs beads are easily two digits "60" indicate, 

obtained. ^ ; the jTrhrhrmm ;- tensile _ 

strength in thousandths 
Identification of : of pounds per square 

Electrodes ^ example, 

the tensile strength 

The American Welding of the electrode is 

Society (AWS) has _ a minimam of 60,000 

established a nt^ber and psi. 

color code system f6t_^ ^^^^^ 

identification and selection The tMrd digit 1 

of electrodes. It is indicates the. weld 

absolutely necessary ~ ppsitibh in which the 

that you understand electrode can best 

the system in order bfe used. This nuniber 

to select the proper can be any one of 

electrode for the job. three^ The "1" to 

> t^e example indicates 

mmEB Ci^. This that this is an all 

code is used on mild position electrode. . 

12 



A "2" wotxid^todicate '\ 
flat and-horizbntal ^ 
weldtog positions, 
and a "3" would todicate 
weldtog to the flat 
pbsitibh only. 

The fotith digit 
"0" refers to the type ^ 

^J^^^^fS?^?^ be used 
and todirectly the 
type of electrode, coattog. 
: This di^it^can be any 
number fxoa. "0" td 
*^8." Taie 1 shows 

the oOTent^for some . 

of these numiSers*. the 
coattog is also given 
for ' nun2)er8 . 5 , 6 , aod 
8, , 

five digit nu^er 
'gives the same information 

as the four digit number; 

however, _the first 

t±a:ee digits are ^e 
^tensile strength t^ile 
'"tfie'Iist^t^'fflre still^^ 

^e position and current 

selection. 

Omm CODt. This 
code consists of three- ' 
marMngs; primary (sd3 
secondary (spot)^ and 
groups as shown to 

figure 11. The jrtoary ^ 

and secondary color 
indicates the cdnqpbsition 
of the electrode^ile 
the group color indicates 
tiie type of current. 
Xhe primary (end) color 
is on the top of the 
base or grip end of 
the electrode. The 
secondary (spot) color 
is located oh the grip 
«»riH midway between'' 
tixe end of the electrode « 
^d the 'f Itsx coating. 
The group color is 
located on the flux 
cpatii^ just below 

the grip ^d of the 

electrode; The colot 
codtog for common 
electrodes is shown 
to foldout 1. 



0 • DC reversse when third digit is 1. 

G - DC reverse polarity; AC; when third digit is 2 or 3- 

1 - AC* or DC reverse polarity* 

2 - DC straight polarity or AC- 

3 - AC* or DC straight polarity - 

5 - DC reverse polarity* (lime or titania sodium low 



6 - AC* or DC reverse polarity (titania or lime potassium 
:2ow hydrogen ) - 

8 T AC or DC reverse polarity firbh pbwtJer plus low 
hydrogen. sodium covering) - . 

*Pref erred 



Ta3i>ie 1. Electrode Covering Canipbaiiiohs and 




Figure 11. Cotar IdentificaHcn Markings. 



eharacteri s ti cs rf 
CcHiinbh Electrodes 

this electrode^ is the 
inost unlversaU 
of sll metallic arc 
veidiiig electrodes. 
This Is because it 
can be -.tssed in aU 



pbsitiozis and the vild 
deposit has physical 
properties at least 
as good as any other 
electrode. ' It J4 
sometimes referred 
to as the cellulbsic _ 
type bet^usej^e coating 
contains a considerable ' 
^bunt bf cellulbsei 



Currenb Setecticn. 

such as wood fldt^ 

or paper flour, which 
are combined with other 

ingredients. These 

Ingredients are added 
^o^btain certain specdLflc 
qualities; such as 
volume and fluidity 
bf the slag. Xh^ heat 
of tte arc causes the 
coating to bum and 
g^erate large vbl^snes 

gas^ J^blch ef f ectlw* ' 
^ield the molten metal' 
^OTi the air and prevent 
the fptmat^^n of harmful 
oxld^ and nltxldes;- 
Good pi^etratibn is. 
charactcarf^tlc of the * 
ceUuloslc type as 
veil- as quick freezing 
of the veld metal slag. 
T his makes it applicable 
for vertical and overhead 
vbrk. 

This electrode Is designed 
to perform t±e same 
work using alternating 
current that E^OID 

performs on reverse 

polarity direct ctxrr^t. 
It is an all^bsltlbn 
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electrode ijhich produces 
more slag than 
1-6010 i The range 

of welding current 

in t^ch var±oos sizes: ; 
of electrodes can _ 
be us^ satisfactorily 

narrower thsTi is 
the case with E-6010* 

this meansj^at t& 

Welding current controls 
most beset nprc 
-precisely. (Basically 
: cellulose type coating.) 

_ THE E^6q22 EI^CTRODE. 
This electrode is for 
use:\rf.th direct aanrcnt, 
straigbit polarity but 
works very well on 
altemaf Ing airrent._ 
This is the case ^th_ 
Mst straight polarity 
electrodes. Penetration 
is not deep'; consequently » 
the E-6012 ^ many 
advantages on jobs 
where the "fit^" 
is lH3or. It is also 
advantageous on li^t 
gage material because 
there is less tend^cy 

to bum through than 

there. is_ with the EHS'OlO 
- or E-6011. Tte E-6012 
is an all-position 
electrode which has 
fast welding speeds 

gives less spatter 
than, most other types. 
The hekd profile is : 
not as flat as_ that 
from the E-6010 but 
it is of tm^pref erred . 
for horizontal fillets 
because of the appearance 
of the weld. (Basically 
mineral type coating) . 

. , ' ^ 

. THE E^OIZ^ECTEODE. . 
This electrode operates 
on. alternating current 
and ftilf ills the saae 
purpose as the E-6012 _ _ 
does operating on straight 
polarity direct current. 
The coattag contains 
a high percentage of 
material for stabilizing 



and maintaining the 
arc. Penetxatibh is 
less than Jthat usually 
obtained with the E-6012 
and_ the spatter loss 
is low. This electrode 
has proven to be the - 
most .successful for 
weldtrig ligjit t^ular 
ass0id>lies ; therefore 9 
it is used to a great 

eactent In aircraft ^ 

construction • Although 
it is pfteh used with 
straight polarltj^ direct 
csxreatf the original 
intention 'was topcir 
it with the E- SGI I 

^electrode in tii^.^tme 

"way- that the E^12 
is paired with the 
E-6010. 

Classification 

Mr Force supply 
catalogs identify arc 
welding electrodes 
by military specification 
lumbers rather than 
AWS classification 
nmbers. The fpllowing 
information is of importance 
to Air Force welders 
and can be found in 
the 34W$ series technical' 
orders; 

CLASS ELE^^E -^ 
Tlsis dass corresponds 
to the_AWS electrodes 
iSibse last two digits 
are 12 or 13, such 
as E-6OI2 pr EH5013. 

. B ESECmOlXE. . 

This, class corresponds 
to the ARS electrodes 
whose last two digits 
are 10 or ll^.such 
as E-6010 or E-6qil. 
This type^of electrode 
is used with DC reverse 
polarity except when 
specified as m AC 
electrode. This electrode 
is normally preferred 

vertical or overhead 

lA : 



wcildihg since pehetratibn 
is deepi This electrode — 
shoxxld not be used ^ » * 
when heat treatment 
is required. 

_ CLASS C ELECTRODE. 

Thcsc^arc alloy steel " 

electrodes. They are _ 

to be used in welding 

of chrome i^lybdentm 

and chrome-nickel- — 

molybdenum steels when 

heat trearamt is required. 
The corresponding AWS 
elcctrpdc_spccif icat ion 
would be E-702b or: 
£-10020. This type __ 
of electrode is generally 
used with straight-, 
polarity; althou^> 
it may_als6 be used 
with ^C current^ Only 
the smaller diameter . 
electrc^es (5/64" and 
3/32") >_arc adaptable 
to all positions. The . 
larger diameter electrodes 

are generally used - 

for horizontal f iiiets 
and flat work where 
deefi penetration is 
not required; 

CQl^ B m^^DT)E . 
This is a companion _ 
rod to the class C electrode. 
It has thc^me specification 

and is used where deeper 

penetration is required. 
It is used^br wlding 
^srome-moiybdenum (4135 
md. A140) _ and chr bme^i 
nickel-molybdenum (8735_ 
^d 87Ab> steels. These 
steels require preheating 
of the parts from_4dd* 
to Sbb^F. The corresponding 
AWS_ electrode, specif icatibn 
would be E-7030 or 
E-10b3b. This type __ 
of electrode is generally _ 
used with reverse ^polarity — 
but may also be used 
\rf.th AC curreait. It 
is. an all position 
electrode. 



Electrode Diameter 



AS^riBS^ _• 

MtPTJ^F Ma3cxniuin 



Standard Qectrode 
Lengths 



1/16 in 
3/32 in 
_ ly^8_in 
* 5/32 ^in 
3/16 in 
1/t* in 
5/l6* iii 
3/8* in ' 



UO 
70 
110 

.150 
'iSd 

250 

30b 

I;50 



6b 

90 
135 

m 

220 
300 
a25 
550 



_ ._8.ih 
11 1/2 tn:_ 
lU or 18 in 
It or 18 in 
Hi or 18 in 
Ih or 18 in 
m or. 18 in 
Hi or 18 in 



* Diameters, 1/U in 5/l6 in and 3/8 in are for flat position only 



Tcdbie 2. Currents Used'' With Gaseoua and Stdg-l^e EU^^odes, 



Selection Of Mel di ng 
Current for Metallic 
Electrodes 

The selection of 
t^e proper welding 
ajrrent md voltage 
depends on ^diree basic 
factors: (i) the size 
of the eledcrbde, 
(?) the tia^ess of 
the plate being -Velded» 
aid iS) the welder's 
skiU.^ Hiper jaxrrest 
values axsd voltages 
mayt be used in the 
£^t position vf Iding, 
sore than for vertical 
and. ovuh^uHu^lds 
witt^ edectrode of 
the same size* In ^ 
general^ the proper 

requirements 9 data 
published by t^ie 
manufactt^erSs should ^ 
be used raly as a guide.- . 

The §in^al coated 
type of shielded arc_ 
electrode ^ Wblcl^_ producers 

requires higher welding, 
osrr^ts than the cellulose 

coated type. _The^ 

cellulose coated type 
produces a laxge, volume 

of gases to ^ield 

the arc stream, table 2 
shows the current 



requirements for the , 
mineral coated or.^bag- 
f brmihg electrode and 
the _cellulose coated 

or gaseous type of 

electrode. The welding 
voltage -varies from 
20 ^s f or the 3/32" 

electrodes to 100 

^P?_f^? ficavy- 
coated electrodes of 
either the gaseous 
or slag fo^Btng types; 



The shielded-arc 

electrode has replaced: 
^e bare^d li^tr 
coated electrodes for 
ibost weldtog applications • 
the factors -responsiblje 
for this are: higher 
weldtog spe^si better 
weld laetai quality i 
and the ability to 
introduce certain ^ 
alloying elements into » 
the weld metal through 
^e hea^y coatings 
on the electrode. 

QUESTIONS 

Note: Aiswer all .'_ 

questions on a separate 
sheet of p^er._rS NOT 
tJRTEE IN'THIS STDDY OTIDE. 

. 1. What are the _: 

color markings of 6010,* 6011, 
6012, and 6013 electrodes? 

15 



2 • What polarities '^e 
recdmxn^ded for 6010, 
6011, 6012., and 6013 " 
electrodes? 

3. Eov do ^e penetration 
results_differ_betwecn 

the 6010 and 6013 electrodes? 

4. What, are two 
types of electrode 
coatings? 

5. ; Wtich electrode 
is used for stainless : 
steel? ' 



REFEReiOES 



1. TO 34W4-1-8* gse_ 
of^lteidlng, Brazing 
and Silver -Soldering _ 
Elect rodes » Rods» and 
Wir es . ^ 

2. M odern Welding ' 
Handbook (Chapter 5) 
^ectrodes. 
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STRINGER BEADS AND BUILDING UP HQRN SURFACES 



OBJECTIVES : - 

" After cOTmietks this study guide md cl^srpom iiitnictiOT^ you irtll apply 
thi welding t^rhnique used In rtsming stringer beads to build up flat and 
surfaces. ' . 

In bead velding vi^ 
coat^ electrodes, 
the electrode is tilted 
.5 to 15 degrees in^ 
" ac -direction of travel^ 
as ^own in. figure 12« 
Tilting of the electrode 
provides a clearer * . 
view of the crater __ _ 
—and aids in contrblllng 
the molten slag. 



INTRODUCTION • 

Aithoug^ biding 
up worn .surfaces is 
a relatively simple 
operation; it is one 
of the. most important* - 
Since replacing worn 
parts witii new ones _ 
is not always possible^ - 
buildihg tip V _worn 
surface may be the 
only "way to return 
a vehicle or an aircraft 
t b_ a serviceable 
condition. 



to allow for. machining 
the part back to its 
original dimensions^ 
if only a thin layer 
of f iilcr metal is 
required, it is add^ 
by weaving' the electrode 
to produce a wid^ bead 
of ^^"tTi cross section. 



INFORMATION 

HWIAG04Brr OF DEFENSE 
ENERGY AND RESOURCES 

Due to the conservation ^ 
of ener^ resources; 
do not write in or 
mark on any training 
literature stoce it, 
will be reused by 
other, classes . _I»ights 
vill be t^ned off 
•ssy time the classroom 
is"" vacant for moire * 
than 20 minujtes; All 
consumable mater ials 
\4ll be used conservatively 
. throughout Blo^ ill. 

STRINGER BiADS ' , 

Building up, a worn ^ 
surface is done ^y y 
running successive * 
beads parallel with* 
2md adjoining^ to each 
other • and the base 
tnetal; This process , 
is used to btiild up 
worn parts high ^ou^ 



Cleaning Hitals and 
Electrode Angles 

toe ol the £ irat _ 
rules of good welding 
is to maintain a dean 
working surface^ ^ Thc 
presence of oil,- 'dirt, 
or othex foreign natter 
on the metal to_be_ 
welded may result in 
8u(^ defects as a lade 
of fusion^ porosity^ 
and slag iiiclusions. 

■ y 

' To prepare parts _ 
for welding, the stxrf ace 
of the* metal most 
be demed. _ Wire brtishing 
or buffing is usuiUy 
adequate untess tiie 
part is ^easy^ rxxtf^^ ' 
or' dirty from other" 
causes. 

'_ _ 

Trichloroethylenc 
In ar' ^^por degreaser 
^oiS.d be used to rdnbve 

grease or oil and a 

sandblaster or grinder 
^ed to remove rust 
and scale. 

Caution: 011 .or grease 
acL the metal may result 
ixx a porous: weld. 
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tace the arc is struck, 
particles of s>ltss 
metal melt off the_ 
md of the electrc^e 
and are deposited in 
thg molten crater on' 
^e plate' surface. 
This causes the ^c 
to increase in^ length 
T^ess the electrode 
is fed down tcjhc - 
plate as fast as it 
is d^sited. Good 
arc welding depends 
<si t^e development 

of close control over 

the indtion of the electrode 
down' to and dong the 
mxrf ace of the plate 
^hile a constant arc 
length is maintained. 

The proper arc length 
or ^p between ' the _ 
md of the electrode 
and the plate Should 
be approximately equal 
to the diameter of 
the dcctrode t^ed^ 
Hpw^er, in starting ^ 

" a weld^ a long arc 
.is held momentarily 
In ori*er to preheat 

f the base mebal and 
permit fusion at the 
beginning of the weld. 




Figure 12. Angle of^ ELeci^^dde in McJcing Beads. 



the base metal and 
the molten metal Is 

depression which. Is 
referred to as the 
arc crater, as shown 
in figiire i3. 




Wet€bsd- Bead. 

The :rever_8e being 
true . at the ^end of 

' the weld, the arc leQgfh 
is ihprtehei, in order, 
to ellmlnat^a crater^* 
or depression • Alt emat e 

of ending a 

weld are td. i^cermlttenciy' 
restart the weld: or • 
reverse the direction 

- of travel fo^ a ^ort 
distance. 

\^rc Crater Penetration 
\and Speed of Travel 

\ If_thc Client, 
polar^y* and arc length 
is_ correct ^ the. metal : 
melts at^ f 9^§^ a pool . 
of molten metal oat 
the point i«Siere' the - . 
MTC strikes the plate. 
' This molten metal is _ ' 
forced out of the pool 
by the blast of the . 
arc • Thos » a small 
depression is formed in 



The sizeand depth 
«f the- crater depends 
on the current settings 
speed of _ trave^ dimeter 
of electrode^ a^d'-'ljbigth 
of arc, • The depth ' 
of the crater p rov ides 
a means of observing 
the "penetxaticrh" or 
depth to t^ch the 
arc melts into- the . 
'base metal* The depth 
- of penetration shdtsld 
not be less than 1/16". 

The speed of travel 



the operator Bust learn - 
to recognizee the weld * 
appearance resulting 
from either factor 
being wrong, ^ig^e 
14 shows the results 
of various welding ' 
speeds and current 
S^ues^. • 

General Procedures ' 

The following ate 
general procedures used 
\^en running beads. 

1* Clean the surface 
of Z the metal to be ^ 
welded. - _ 



iZ. Using scrap metali 
adjust the coffl^glg^ 



on the weld^ig niachine 
until 'the best setting 
is found . t - 

3. - Weld the beads ^ 
oa the^plkte in the 
direct Jon of travel, 
as shbra in figure 15 . 



4f Wire brush each 



lu detenu i ned by the 

prbportiohs of the 

^bead deslredy ctsrrsit 
^ valuer and size of 

the electrode being- 

^ised . The^^eed of 

travel is gqyemed 

by results observed 

at the trailing edge 

of the- crater. By 

closely watching the 

crater and its trailing 
'edge; the operator 

can determine the 

penetration* width and 

iseig^t of the reinforcement. 

Since the speed of 

travel and current 

setting are related . 

factors^ in determining 

the qualitfy of a weld, 
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bead before starting « 
the 4ie3Ct one . 

5_. Cover the surface 
^th^overlapplng beads 
by traveling in the 
directioix ol the airbw. - 



6. Quench ^e. plate 
i^fti^^'^ough to keep • 
it from becoming- 
excessively hoti 

BUIiDIHG UP WORN SURFACES 

Flat Surfaces. 

^e first stringer 
^bead should encircle' 
the part, as shown 
in figi^e 16, so t^at 
the other stringer 
beads can be started 
and ended wit^ less' 
difficulty. This, also 
reduces the possibility 
of crater cracks and 
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A. - Current setting too fii^- 

B. Current setting too ioW. 

C. Correct current setting. 



D. Rate of travel too fast* 
Ei Rate of travel too slow, 
Fi Correct rate of travel. 



Figure 14.- Mesults, of Various ^Welding ^eeds ahd Current 
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Ftgare. 16. The First Step in Building Up a ^cfim Surface. 




FUSION BEtwEEN BEADS 



PENETRATION 



Figure 17. -. Correct. 
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Figure 18. Incorrect. 
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Figttre 25. Striding -I^ a~Sha^ 



Figure -20 . Padding. 




overheating with the edges 
being burned away* 



The first full. layer 
of beads Is rim lengthwise 
on the 4)art because 
it allows more time 
for the paort to absorb 
and distribute the heat 
from the arc._ As each 
bead is run, he sure 
there is penetration 
into the previous. bead 
and the base metal, 

as shown^n figure 17. 

If" you don*t get complete 
fuslbn^as shown in 
figure 18^ defects 
such as slag inclusion 
md voids -may develbp.^ 
These defects can cause ^ 
additional njan-hburs 
and material to be used 
on the part. Ail voids 
and slag inclusions 
^^shbuld bi removed to 
^void unevsi wear and 
prematxire failure of 
the part. 

Round Surface 

, The most common round 
surface requiring buildup 
is a shaft. It may 
be from a blower, 
generator^ or from ^ „ 
piece bf .heavy earth ^ ' - ■ 
moving equipment; The 
shaft may. range _ from • 
1/2" to 8" in -diameter 
and may be from 1' to 
20* iong._ This type 
of surface is more f f ictilt 
to build up than a rlat' 
surface but if /dbne 
properly i it can be 
easy. 

The easiest way to ~ 
build up a shaft is 
to place it pn rbllers 
^TtA run the beads 
lengthwise as shown 
to figure. 19. _the 
rbllers allow for easy 
handling and rtnming 
the beads lengthwise 
allows f br heat 



The first 

bead should be placed - 
slightly above the _. 
li^rizbntal center line 
with- each successive 

bead added above the 

previous one Depending 
upon the thickness, 
of the shaft, it should 
be rotated 180* after 

two or three passes 

to decrease the pbss-'.bility 

of warping. By ustog 

this procedure, the 
thiclcness of the depbsi-t 
can be closely controlled 
and the desired diameter 
can be bbtained in 
biie pass^ 

Precautions 

1. Hold a long arc 
msmentarily in starting 
each pass; 

2. Avoid overheating 
the edges and be sure 

^ all craters are filled 
'in. 

3. Each bead-^bSta 
be cleaned with a wire 
brush ^d a slag hammer. 

General Procedures 

The following are 
general prbcedures to 
be used when building up 
worn srrfaces* 

1. Clean the surface 
of the metal. 

2» Select the proper 

electrode. 

?• ^Id successive . 
beads on the plate _ ; ^ - 
with each bead overlapping 
half bf the previous 
bead. 

4. tower the welding 
current for depositing 
beads albhg the edge. 

5. Clean each layer 
of beads. 

22 



6. Try different 
angles bf the electrbde 

that gi^s good.penetratibn 
intb bbth the plate ^, 
and the previous bead; 

7. ^en bhe layer 

of beads has been deposited, 
txirn the plate so that . 
the naxt layer is deposited 

^iS^^_ ^'^ 
the previous layer, 

as shown ^ih figure 20 • 

Caution: Sides and 
cbrners znust have 
enough fused metal 
to be finished square? 

QUESTi8NS 

Nbte: Auswer all^ 

questions on a separate 
• sheet of paper. jW__N0Tr~:"r~^ 
^JRITE IN THIS STUDY GUIDE. 

1. XJhat are the 

electrode angpkes recomme n ded 
for padding in the 

flat pbsitibn? 

2. What determines 



" 3. What ^causes slag 
inclusions? 

4r Why _ is a. round shaft 
rotated 180** while, padding? 



5-^ What, is the purpose 
of "encircling" a plate 
before, paddins? 

REFERENCES 

1. TO 34W4-1-5 Welding 
Theory and Applicati on . 

2. Modern Welding . 
Handbook (Chapter 5) 
Fadding. 
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Metals TedmolQgy Branch ^ 3SKt53131- 56-364 , 
Chanute AFB, Illinois 

FiLlET welds in the flat and horizontal PbSITiONS . 

. . ^ * - 

OBOECTIVES 

After completing this study guide and classroom instruction, you xdll apply the^ 

techniques used to weld fillets in the flat and -horizontal positions, — — 

- ' ■ - ' - - ^ ■ •■ ^ a -1- - - 

INTRODUCTION do not write in or . The tee joint v^rks ; 

^ marie on any training very well when a steady \ 

The fillet weld is " literature since it, bending or inpact load 

a weld bead U8«i to will be retised by other is applied • Watpage \ 

Join two pieces b£ metal classes, tights will . and distortion is eliminated 

whsi one stiface is . be turned off any time iaid it stands up very ^ 

perpendicular : to the the classroom is vacant to either a con^ression 

other. The fillet for more than 20 minutes. ' or. tension load. The / 

weld- is used on lap All ' consumable materials ;/ cost of making this 

md tee joints. Since will be used conservatively type of joint must 

the metal pieces of throughout Block III. be considered because 

a butt joint are parallel — o^tbe expense involved 

and on the same plane, TYPES Olr dOINTS AND with joint preparation. 

it is no t*^ considered USES I 

to^be-a billet weid^ ^ _ The befft-_-typ«-?r~ 

When you sre^ ccsB^idering joint to use in order 

Each fillet weld has v*ich joint to use, ^tp gain the full straigth 

its specific use. The you mist consider three 9? ^^®_^§^f ???^_?5? - 

lap Jbint is xjfied *ytien important factors: the highest .resistance 

a quick repair is necked, / - - r.o aiy type of applied 

such as a patch ovfer 1. The type of load load is the butt joint, 

-a hole It may also and where it is applied It is also the best 

be used in the construction against the weld. when appearance must 

of fuel storage tanks ' „^ _ ^ be considered; -however, 

when the appearance 2. The sanner in the cosf, must be consider ied 

of the joint or^ld the load is applied. due to -the amount^ of 

, is not important." _ . _ " - . rime involved in |prep^at ion 

3. cost and ^ of the joint edges. 
Thi tee .j[oint is n6jnsal'*7 appearance of thi^ weld. * 

us*id as a reinforcem^t ' : -^^ tiii^s the choice 

to gain additional strehgth_^ A Ij^p joint woul<^ - will be m ade by! your 

liver a 16ng_si^1tnJ~An" 7~ fail rather quickly supervisor or a design 

eriflBpte of this would if a sudden or variable engineer. Even when 

be shipbuilding.. Aircraft load was applied against tbis is the case, you 

fuel ra**s may Jiav? " the weld. A twistii^ are the one that turns 

tee welds as sSff^ers. or bei^^^'Jig load would but the finished product. 

An internal cprnc also cause it to failj . Be sure you have the 

weld it a modified ■ whereas, it could stand proper machine setting, 

tee joint since the ■ up indefinitely under electrodes, and skill 

requiremexiM of fillet a tension or compression ^necessary to do the ^ : 

vein must be mai* even load. The lap joint _ job. - 
though it is only welded is relatively inexpensive 

Somoie 'side. . to make since there ; - POSITIONS OF WELDS 

are no joi^*' edges _ - 

INFbRHftTlQN . " . to prepare or special _ All_?eldlng c^ be 

welding techniques : classified according 

HWiAGEHENT OF DEFENSE other xSat you would to the position of 

ENERGY AND RESDHRCES . normally ust^J-b ensure a the plate or welded 

good weld. The setal should joint on the plates _ _ 

Due t.^ cu: conservation overlap 3 to 4 "T" vhen or sactions being welded, 

of eiifCtijy ^rl resources, pfepixing a lap joint. ' there are four general 
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positions in which weids 

are required to be 

oade. These arc designated 

as flat, vertical, 

horizontal^ and. overhead 
positions. Fillet 
or grbbve welds may 

he mad e in al i of these . 

positions. 

Flat Position Welding 

Flat plositibn welding 
is when the welding 
" is pexfprmed frpja the 
upper side of the joint 
and the face of the 
joint is approximately 
horizontal. 

Horizontal Position 
of Welding 

FILLET WW* this 
is the position of welding 
in which welding is 
performed on the upper_ 
side of an approximately 
horizontal surface and 
against an approximately 
vertical surface. 

GROOVE WELD. , This _ _ 
is the pos it ion of welding 
ifeerein thereto of 
the weld lies in an 
approximately horizontal 
plane and the f ace o£ 
the weld lies in an J 
approacimately vertical 
plane. 

_Note: _ Thi axis of 
. ^a weld is a line ^ 
through the length 
of ^ the . weld'i 
perpendicular to the 
cross section at its 
center of gravity. 

Vertical Posttibri of 
Welding. 

* This is the position - 
of welding wherein the 
axis of" the weld is 
approxiinately vertical. 



Overhead Position of 
Wei di ng 

_Thi8 is the pbsitidh 
bf welding injwhich 
welding is performed, 
from the underside bf 
the' j bint. 

WELDING LAP. JOINTS - 

-In lap joint; the 
edges of two sheetsf 

are placed bne abbve 

the other, and the weld 
applied joining the 

edge bf one sheet tb 

the surface of the other. 
Lap joints are usc^d 

in the construction 

of equipmsit fabricated 
fr^_ plate and sheet 
metal • Lap j oints are 
not as efficient in 

N the transmission of. 

load stresses as are 

tott joints, but certain 

types of lap joints 

develop the full strength 
9^_t^^_^^? metal under 
a tensile pull. 



Types of tap dointSL 

__ SBfGLE^ilIET LAP 
f/CI^. This type of 
joint is frequently 
usedi'^^since it requires 
xib machining of the _ 
joint edges*. This joint 
is_welded from one side ^ 
only when the design- 
of the part does not 
permit welding, from 
bbti sides. The single- 
fiiiet lap joint, figure * 
21i does not develbp 
full base metal strength, 
but is stronger than 
a butt vefd for some 

applications. 

tttbing or frames overlap 
or telescope together * 
the lap joint is preferable 
to the butt joint. - If 
loading is not too severe^ 
this jbint is suitable 
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for welding metals bf 
' all thicknesses; If 
fatigue or impact loads 
are encbuntered, 
concentration of stress 
occur at the edge of 
the weld. Under tehsibh^ 

the plates may pull 

out of line,, subjecting 
the root . to bending. 

JOim. This joint i _ 
figure 21^ is suitable' 
for much more severe 
load conditions than 

. can be met by the single- 
fillet lap joint, When 
properly made^ this 
joint develops the - 
full strength of the 
base metal. However^ 
fbr extremely severe 

' loads, the butt joint 
is preferred. ~ 

JO GGm) £i4F ^OIST . 
t^en you want to use 

"a lap joint but the 
metal smrface must 

; be kept on the saxoe 
jplane, the joggled 
lap joint, figure 21, 
is used, this joint 

distribution of load 
stresses than the single 
or dbublc-lap type. 
The ^ joint produces 
a_',gr^_ter strength. _ 
than the' single-fillet 
iap joint, but is-more 
dilficult to prepare 
for welding. 

Held 'Specifications 

1. The upper leg 
shbiild equal the base 
s^tal in thickness, 
' the lc5wer leg 1-1/2 
"T," figure 22. When _ 
'welds are made on metals 
9f thicteess , 

the specif ications are 
based upon the thickness 
of the lighter gage sheet • 
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Figwre 23. Tack Wei<Rng a Lap Joint 




Figure 24. Position of Electrode on Lap Joint. 




' 2; The procedure 

for making this fiiiet 
veld is similar to 
that used for making 
fillet velds to tee 
joints,, The^ electrode 
8hbuld_be held so as 
to form an angle. 
approadmateiy 30*^ from 
the Yfrtlcal and tilted 
15* in the direction 
of velding. The position 

9^ _^f?^?9^^_^ 

relation to the plates 

is sHoyn in figure 

24. The veaving motion 

is the same as that 
used for tee joints 
except that the pause 
at the edge of the 
top plate is siifficiently 
long to ^ensure good 
fusion and no undercut. 
Lap joints on 1/2- 
inch pl^te or heavier 
are satisfactorily 
made by depositing 
a sequence of ^tring 
beads, as shown in 



figure 24. 



NOTE: AU OlA'tCNSIONS SHOWN ARE IN INCHES 



Figure -^il. £ap Joints oh Flates of Different ll^icl&iees. 



2. The face should 
be slightly convex 
in shape. 

3. Penetration should. 

be a t"^Tn^m1Tm of 1/16 

inch. 

4. The throat thickness; 
should equal the thickness 
of the base metal. 



Welding .Technique 

K In nuking lap 
joints two overiappiiig 
plates are tack-welded 
in place (figure 23) 
sad a fillet weld in 
the horizontal. position 
is deposited along 
the joint. 



In ^making lap joints 
^ plates of different 

thicknesses, as shown 

in figctre 25, the electrode 
is held 8b_a8 to form 
an angle of between. 
20^ and 30^ from the 
vertical. Care must, 
be takm not^tb oyferheat . 
or undercut the thinner 
plate ^dge^ and the_ 
arc must be cbntrblled ^ 
to wash up the molten 
metal to the edge of 
this plate. ^ 

WELDING TEE JOINTS * 
IN THE FLAT POSITION 

-Tee joints may be 
welded in the flat, 
horizontal.^ vertical ^ 
or overhead positions. 
In the fiat position, 
^the weld is .inclined 
from 0 to 45 dejgrees 
@d the rotation 
of the face is ^ ^ ~~ 
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Figure 27. Wea^e Motions {Ftat Tceition) . 
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Figure. 28 s_ ' _I^epizratioh of Metals 
for Wetdiiig T^oints. 



from the 180 degree 
fiat position. 

The fiiiet /weid in 
a tee joint Is made 
bf depositing multiple 
passes of stringer 
beads or 1^ ve&vlng 
the^ electrode to form 
a vide bead. Stringer - 
beads are generally 

preferred for fillet 

velds of maxlimim strength 
and ductility because 
each successive bead 
tends to ref ine the ' 
g^ain structure of 
the previous beads. 
The sequence of the 
first three passes 
of a nultiple-pass 
flat fillet is shovn 

in. figure 26. Figure 

27 shdvs several accepted 
veave notions for 
depositing a veave 
bead to cover the stringer 
beads of a muitlpie- .-^ 
rpasish f lat_f illet_veld.. 



TACK ALL CORNERS 
BEFORE 1fEU)iN6 




Figure 26. Welding Tee 
Joint in Flat . Fosition* 

Preparation 

There are two variations 
of the tee joint; 
the square edge tee -^olnt 



and the beveled edge 
tee joint. The square 

in figure 28A) is used 
on metal up to 3716" 
thick and ^s jisuglly 
welded from one side. 
The single bevel (shown 
In f igure 28B) is txsed 
on metal from 3/16" 
to 3/8" thick and is 
usually welded from 
one side, ^e double 
beveled tee joint (shown 
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in figure 28C) is iised 
m metal over 3/8" thick 
and is wedded from <v 
both sides. "Hhichever 
edge preparationjLs 
used, the edges must 
be cleaned of all- oxide ^ 

dirt, etc. to allow a 

good veld to be produced 

Specifications 

Regardless of whether 
stringer or weave beads ^ 




ABC - isosceles RigHt Aiigle 

Triangle, . 
AB = Be -AB = 3/8" 
Fillet Weld Size - 3/8" 

Figure 2$. Size of Fitlei. 
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Figure ZO. namenctatupe of Tee ifovnt. 



are used In making ^ 
a tee joints the size ^ 
of the weld remains 
the same. The. size 
of a fillet weld .Is 
expressed^ln terms 
of t6e length of the 
legs of the largest 
Isosceles triangle 
whidx can be inscribed 
in the wel^ cross section, 
as shown in figore 
*29. The common terms 
used in haming the 
parts;of_a tee jotot 
are shown in figure 
30. The throat of 
a tee joint should 
be eqtial to the thickness 
of the base metal (T) . 
The legs should be equal 



^to 1-1/2 times T,^d^ 
the penetration should 
be minimum.. 

Weld faults 

iaro|ffCOT. In the 
welding of , tee joints^ 
imdercuttliig freqx^cntly 
occurs along the toe 
of taxe npper leg*; This 
defect is a groove 
melted in the base 
metal adjoining the 
toe of the weld> as 
shown dn figure" 31A. 
The primary causes 
of this defect are 
a welding _ wi^^rent too 
high and an improper 
mgie of the electrode 
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Correcting the ciirreht 
settini, chaaging^^the 
electrode angle » and 
manipulating the electrode 
to vash molten metal 
up to the toe of the 
vertical leg usually • * 
corrects this fault. 
Figure 31B shows the 
characteristics of 
a good tee-joint . 

OVERLAP. This defect 
is the result of filler 
metal overlapping on 
the base n^tal without 
fusing to it, as shows 
in figuJ^e 3iA. The 
angles of the electrode 
illustrated in figtsre 
32 with the weave 
illustrated in figure 33 
helps to overcOTe 
overlapping* Only 
highly-skilled, operators 
^an successfully make 
•large horizontal f illet - 
welds using a veave 
bead, so that multiple- 
pass stringer bead 
fillet welds are most 
widely recomended 
for large horizontal 
fillet welds. 

• sMg iSe^sioNS. ' 

. Nonme tallic ihc lus ions 
trapped in the weld 
are called slag inclusions* 
they are caused by 
the covering of the 
alectrode being trapped 

in the Bwlten pool 

when there is i^ufficient 
heat, « too long an arc^ 
or an Is^roper' angle 
of the electrode. 

Prdcfdure Used to Prevent 
Faults ' 

1. Clean the surfaces 
of the metal^ 

2. Select the proper 
electrode* 

3. Complete the first 
pass in each joist. 
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tigtxt^ S4. Foaitiona of Ebnzcnial Welds. 
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Figure 35. Wide Beads Eorizonial Fositton, 



4. C14p off the slag 
and virebrush all the 
velds. 



S. Complete each 
- jbint by tnakHjg the 
velds in the proper 
order. 

WELDING TEE JOINTS 

IN THE HORIZONTAL POSITION 

. When the vork •cannot. 
be_ positioned for doyzihand' 
veldlng, it is referred ' 
to as position velding* 
Position veldlng is ^ 
welding ' that mast be 
done in the position 
normally occupied by 
the joint. ?ben the 
neta^ parts are inclined 
sore than 45 degrees " 

from horizontal vith 

the line of veld running 
horizontally as shovn 
in figure 34 , it is 
called a horizontal 
veld« The veld beads can 
either be applied as 



stringer beaHs or veave 
beads. . 

t^eave Beads . 

WeaV^e beads normally 
used in all other positions, 
cannot , be used in mailing 

'horizontal velds. A 
normal veave is nbt% 
used because there ^ 
is no •'shelf" of previously 
deposited metal to 
hold the molt^ metal 
in place. Therefore ^ 

' in place of a nbrnial 
yeayg b ead , a series 
of short diagonal welds 
are made ^bng the 
line of ^jche veld; Figure 
35 illustrates this 
method . The u^ard 
path is indicated by 
a dotted line vhich 
is a rapid mbveo^t 

*bf ^he electrode with 
very Uttie metal deposit. 
The main deposit is ; 
made on the downward 
movement as Indicated 
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by the dark arf bvs • 
A. distinct hesitation 

and fon/ard motion 
oh the top of the veld 
assures penetration 
at this point. Each 
diagonal veld should ~ 
overlap thepreceding 
veld in order to avoid 
undercut areas and ^ 
produce a tmif orm veld 
deposit. The tip of 
the electrode should 
be tilted upward and 
directed back tovard 
the veld crater to 

slag backward' and fill 
the undercut areas. 

Stringer Beads 
Ik 

velds in horizontal 

tee jdints> the electrode 

sliould be held perpendicular 
to the iine^ of veld ^ * 

bisectingL the angle — 

between the joint edges.- 
When : one veld is 
insufficient to produce 
the correct fillet, size, 
multiple-pass velds 
or stringer beads are 
used. The toitiai 
veld or ''root bead" . 

is deposited so that 

equally 
divided betveen the 
upper and lover plate, 
rae clean'fffg of each 
ireld is necessary before ' 
additional velds are 
placed to the joint. 
The second veld is _ * 
made by directing the 
arc on the edge of 
the first veld, this - 
permits fusion to tak^* 
place one-half its 
\rf.dth into the first 
veld' and the other 
half into the lower . 
plate. This same procedure 
is used on the next 

bead vith the edge 

of the upper plate and 
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Figure ZS. Filtei WeM in Sarizmtal Poeition. 



1. What a^ees 
are considered flat 
welding? 



the stringer bead; 

Mditional welds may • 

he deposited as required 
to produce a fillet 
weld of the proper size.,. 
Figure 36 illustrates 
this technique of depbsitixig 
a, number of stringer 
beads in t^ee joints 
in heavy steel plate. 



QUESTIONS 



J^swer all 



questions .on a 

separate sheet of. 

papers K NOT WRITE 
IN THIS STODY OTIDE. 



2. What angles are 
recommended for a horizontal 
fillet? ^ . 

3. What edge preparation 
is necessary for a half ^ 
toch tee joint? 

5. Why i^ grease and * 

oil rgsoved befp_re_ welding? 

5* How is undercutting 
eHmiziated When using 
a'WBve, be^? 
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' 6. Why are stringer 
beads in a tee joint 
overlapped half of 
the prior bead? 

7 • Jrtierc la the 

initial deposit made 
when weldliig tee 
joints? 



'8. Whatsis the overlap 
wh^ setting up a lap 

joint?" - 

spaced. prior to tacking 
and we 



10* Where Its the 
second pass directed 
whe^ welding horizontal 
tees? . - 

REFERENCES'- . ' 



i: TO 34W4-1-Si Weldlag- 
Th e ory a n d Application > 

2. V Hodern WfelSlng 
Handbook (Chapter 5» 
para 17) • 
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BliTT JOINTS OF CARMN STEEL PtATE 



OBJECTIVES 



After cOT^letlng this study guide and classroom instruction ^ you will apply; the 
welding techniques in making butt welds of carbon steel plate. 



WTRODUCTION 

i butt joint is 
U8^ tb jbin two pieces 
of ii^tal whose surfaces 
are in the same plane. 

^'Several types of butt 
j b Ints nay ^e us ed , 
depending upon, the 
position and thickness 
_bf the metal. "When 

•^^roperiy made, the _ 
butt j bint withstands 
bendjjlgy s^ear^gy 
<. and twisting loads 
better than any bther 
joint. 

INFORfWJION 



MASftSeiENT 0E_DEFENSE 
ENERGY AND RESOURCES 

Due to the conservation 
of eoiergy and resources , 
do xibt wrf.^ in or ■ 
mark on any training 
literature since it ^ 
will be reused by other 
classes. lights will 
be turned bff any time , 
the classrooift is vacant 
for xBore than 20 minutes. 

will be conservatively 
throughout Block III. 



HELDIN6 



In order to meet 

for heavy 'sections i 
joint edg^ must'b^ 
prepared by bevel^g 
tiie edges of the plates, 
this joint preparation 
is necessary j.to p*':^e 
complete penetra: ::3xi . 
to the rbbt bf the joint. 



Uhen, due to the thickness 
of the plates^ welds 
cannbt be ti^de by a 
single weld besd^ a 
series bf_ eith^ stringer 
br weave beads are 
used . 

Multiple-Pass Beads 

This method of depositing 
weld TRRfal is used 
when welding tixidk 
.;}lates. It is done 
in brier to avoid carrying 
a large mDltQi pool 

may cause slag 
inclusibns or cold 
shuts in the weld; 
A iSge moltm pool 
is difficult to control; 
therefore, it requires 
high heat and a slow 
speed of travel, resulting 
in ^cessive melting > 
down of the joint edges. 



By .using moltipie-' 
^^ss welds on heavy 
butt joints, you cm 
concentrate on getting 
good penetratibn_at 

the root o^ the V in 

the f first pass or layer. 
Qa succeeding layers^ 
devbte your effort^ 
entirely to getting 
good f :rion with the 
sides w l! the V and 
the preceding layer. 
The finallayer is_- 
then easily controlled 
to obtain a good smooth 
surface. 



This method- of welding 
pemits the_ metal depbsited 
in a given layet to 
bja partly or whoHy 
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refined and- therefore 
Impr bves the ductility 
in the succeedfag layers i 
The lower layer of 
weld aeta?^» bften cooling 
to a black heat, is 
rttheeted by . the upper 
layer to a temperature 
hig^ eaoug^ to pers^t 
gr^tin refinement, whldi 
in effect is a form 
of heat tr^tment. 
The depth of metal 
affected by this actibn. 
xo ucpet^st upon the 
penetration of the 
welding heat • In some 
classy of work, when 
this added quality 
is desired in the top 
layer of _ the welded ' 
joint, an escce&s layer 
of weld inetal is deposited 

and then machined i off . 
The frurpbse of this 
bead is 8±[^ly to stspply 
welding heat to refine 
the weld metal in the 
final layer at iEhe^ 
surface of the joint. 



Joint Preparation 

In making vat ibus 
types of butt welds 
in carbon steel plate ^ : 
the following examples . ^ 
are typical and should 
serve as a general 
guide for welding steel 
plate of various 
thicknesses. In addition 
tb the plate thickness , 
another factor i^ich 
may influence the methbd 

of joint preparation 

is the type of equipment 
available for beveling 
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or fi^oov^g; Joint. 
edges can be prepared 
by flame cutttog^ s^ear 
flaae grooving^ machixiing, 
chipping i or grinding. 



x^lded from, both sides.. 
The double V requireis 
approxliDately one-half ' 
as mich electrode as . , 
the single V btitt joint. 




A SINGLE U 




3 DOUBLE BEVEt 

Butt Joint* 

The single^ bevel, 
shown in figure 37Ai 
is tjsed in welding 
tnetals from i/8" to 
3/8" thick.. The edge 
should be beveled to 
an^ngle of 30 to 35 
degrees, the single 

bevel is used when 

one of the plates cannot 
be beveled due to its 
shape, location, or 
fixed position. In 
this case^ the weld 
is nade from one side; 

The double beveli 

shown in figure 37B, 

is used on metals over 
3/8" thick. _ The. edge 
is. beveled from both 
sides w±t^ each side 
beiig beveled tp_an 
angle of 30 to 35 degrees , 
The dot&le bevel may 
be tised when the. joining 
plate cannot be beveled 
in the ss&e manner 
and for work that can be 
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Figure JB. _ V Butt 
Joint. 

The single .shown 
in figure 38A, differs 
from the single bevel 
in thai edges of _ 
both plates are beveled • 
The Included angle of 
tie bevel should be 
from 50 to 75 degrees. 
It is used on the same 
thickness of metal as 
the single bevel. The 
weld is made from one 
side only, the number, 
of 'passes required^ll 
depend on the thickness 
of the metal. 

The double V, shown 
in figure .38.Bi differs 
from the double bevel 
by tiie ^edges of both 
plates . being beveled - 
instead \^bf just one. 
The Included angle of 
the double V bevel should 
be from 60 to 75 degrees 
^d is used on the same 
thickness of metal as 
the double \bevel. In 



Figure 39. U Butt Joint. 

general, butt joints 
prepared from both 
sides permit eas ler 
welding, produce less 
distortibni and ehsxire 
better^eld metal qualities 
in heavy sections than . 
jbints that are prepared 
from one iside only. 



The single shown 
in figure 39A, may 
be used in place of 
the single or double 
V for joining plates 
1/2" to 3/4" thick 
and is dccasibhally 
used o5_ heavier^ plates. ^ 
The U-shaped type of 
joint is nbre satisfactory 
and requires less filler 
metal than the V type 

when welding heavy 

sections or deep grooves, 
the weld is made from 
one side except for 
a single bead which 
is made last on_th_e 
opposite side of the 
U. 

Th.^^ '-ie U, shora 
in j l«'aic 39B, is used 
fojr joining heavy plates 
usiially 3/4" and greater. 
Less veld metal is 
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Figia^e Square Edge ^tt 
Wetd ^th Backing Strip. 

required than with the 

single U and welding 

is done from hoth sides. 

joint with hackup. strip i 
shown in figure 40^ 
is used for joining 
heavy plate where beveling 
is not practical . If 
necessary , the backup 
strip may be removed 
by scarfing after 
cbmpletlilg the joint. 

Procedure 

The joint edges shotiid 

be prepared. as previously 
outlined. .Depending 
upon t^e size of the 
shoulder at the bottom 

of the joint edge, 

spacing should be provided 
in the escact amount* 
The parts should be 
tack welded in place 
at short intervals along 
the seam; The slag 
deposited daring tack 
welding should be removed 
to prevent its inclusion 
into ttiB weld; The 
first bead (root bead) 

should be made_with 

an electrode small enough 
in diameter to obtain 
' good penetration and 
fusion at the base of 
tte ioint . A 1/8" or ^ 
5/32" electrode is suitable 
for this purpose. 

A 16ng«>arc is held 
niomentarily^s order 
to obtain penetration 
at the start of the 

weld. the top of the 

electrode should be _ 
-tilted slightly in the 




Figure 41. Typical Meaoy Weld Weda>e. 



direction of travel. 
The exa ct angle depsids 
on the type of electrode 
used and the current 

setti^. The root 

bead shoxild be thoroughly 
cleaned by cUppiiig 
and wire brushing before 
additional passes or . 

layers of weld metal 

are deposited. A 5/32" 
or 3/16" electrode ' 
should be used to make 
additional passes of 
filler metal pi the 
j oint • Weaving makes 
it possible to deposit 
more metal at a single 
pass in welding in 
a V an heavy weld withbxxt 
stopping, §nd at the 
same time proceeding 
along the line of weld. 
Figure 41 ill^^??*^ 
a weaving motion of 
the_ electrode, \i^ich 
will produce best results 
in welding heavy butt 
joints in the flat 
position* The movement 
of the electrode is 
semicircular across 
the line of weld* A 
slight hesitation of 
the electrode at the_ 
toes of the weld will, 
aid in preventing 
imdercut ting . the 

number of passes or . 

layers of weld metal will. 
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depend upon the thickness 
of metal being welded; 
however, a sufficient 
number in any case, 
is used to build the 
weld with a series 
of sinall stringer or 
weave beads. The heat 
input and^ therefore 
the formation of hard 
zones in the base metal, 
will be kept to a minimum. 
Each Sead or layer 
of weld metal will 
ref in^ the grain in 
the weld immediately 
beneath it and will • 
^Tftiisai: or soften the 
hardness produced in " 
the base metal by the 
previous bead. 

In welding heavy 

sections that are beveled 
from both _ sides ^_ the 

weave beads should 

be deposited alternately 
on ^e side and_then 
oh the other. This 
reduces the amount 
of _distortibn_in the _ 
weld inetal. Thoroughly 
rsove aU scale, oxides^ 
and adhering slag before 

additional metal is - 

deposited, l^e motion 
of the electrode should 
be controlled to make 
each bead uniform in 
thickness and to prevent 
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MELD REQUIREMENTS HEAVY BUTT dDINT OF CARBON STEEL 





REB^dRCCMtNT Of J^IN 15 OSOaCU 
SUFFICIENT 

Figme 42. ^difioccti^me for Thicker Metats. 



mdcrcutting and overlap 
at the edgeis of - the 
weld. 

The welds shown in 
figure 42 iHxistrate 
the requirements for 
butt joints on steel 
^late for thicknesses 
from 3/16" to 3/8"- 
and over. The Td.dth 
of the fusion zone 
for heavy, plates is 

governed by the 

preparation of the 
joint. When the edges 
to be welded are -beveled^ 
the weld should be 
appro^mately 1/8" _ 
wider than the included 
angle of tiie bevel. 
• The depth, of fusion 
into the beveled edges 
of the joint should, 
be a .mininwm of 1/16". 
Reinforcement hei^t 
of 1/8" is usuaiiy 
sufficient for heavy 
plate. The penetration 
for butt welds nmst 
be iOOZ regardless 
of the thickness of 
plate. In the case 
of double edge preparation, 

penetration of 50% 

is obtalnedfrom each 
side to produce the 
reqxiir^i full base 
metal penetration; • 



2S!^. ae bend 

test may be used to ' 
produce a fracture 
throufh the weld so 
tixat a cross section 

of the weld metal; is 

exposed for examination. 
The specimen is placed 
in a vise so the j^ws 
will grip the metal 
just at the seam th_at 
has been welded «. The 

of the specimen is 

theai bent back toward 

the veld side antii 

a fracture is produced 

This test indicates 

the soundness of the 

weld by showing on 

the fractured surface 

the ^tent of the 

penetration obtained^ 

the presence of oxide 

or slag inclusions 

and the degree of porosity. 

Some 

joints, sudi as fillet 
velds between tubes 
and sheets of heavy 
plate welds, cannot 
be broken to produce 

a fracture. These 

joints may be examined 
by etching. The weld ^ 
^^cposed at eadh cut 
fflQst then be polished 
and etched with, a solution 
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consisting of equal 
parts of hydrochloric 
acid and water, or 
one part nitric acid 
to two parts of water* 
The procedure using 
either, solution is 
as follows: 

Remove all saw 
marks from the surface 
with a fine mill fSe. 

2. Work out the 

file marks witii costrse- 
gained emery cloth. 

3. Bring the surfaces ' 
to a mirror-like, finish 
using successively 

finer grained emery 
cloth. 

4. Avoid touching 
the polished. surf ace 
with the hands or any 
subst^ce that may 
leave a film of grease 
or oil. 

5. Apply the acid 
solutibh with a brush 
or swab and allow the 
piece to stand until all 
chemical action has ceased. 

• 6. Wash the surfaces 
with warm water and 
allow to dry. 
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7 . ExaffltYfe the 
surfaces for defects. 

-The depth of, fusion . 

and uniforsdtcy of grain 
structure may be readily 

Seneral Procedures 

The following goierai 
procedures will be used 
when welding butt joints 
on steel plate. 

1. Bevel the edges 
. of the toetal. 

2. Grind or file 

the shotxlders approximately 
3/32" deep- 

3. Check the pieces 
for alignment, 

'4. Space the pieces 
approadiately _3/3_2" 
and tack weld both 
ends securely. 

5_. Support the ^ 

work clear of the surface 
of the table and weld 

the first pass, using 

a 1/8" dianeter electrode. 



6,_ Chip off slag 
and brush clean; 

?• Weld the second 
pass , Weave the electrode 
to secure the correct 
width_pf ,bead^ using 
a 5/32" diameter electrode. 

QUESTIONS 

Note: Answer all 
questions oh 4 sepirate 
sheet of paper. ^ DO 
NOT IN THIS 

STUDY GtJIDE, 

1. What is the 

reinforcement of a 3/16" 
butt joint? 

2, What is the required 
penetration of a 1/4" 
Butt joint? 

3- _ What size electrode 
is used for the root _ 
pass on a 1/2" butt joint? 

4. Why is a long arc 
held at the start of a 
butt joints 



m 

5; What is the , 
reinforcement's width on 
a 1/4" butt joint? 

6, What is the_ depth of _ 
fusion in a 1/4" butt joint? 

7, What must be doxte 
after tacking and prior to 
welding a butt joint? 

8, What is the angle of 
bevel on one plate of a 
single bevel butt joint? 

. 9 . Why is spacing reqirfxed 
in preparing a butt joint? 

? plcttire of 
the single vee butt joint. 



REFERENCES 



1, TO 34W4-1-5. Welding 
^eory and ^?plicatton ^ 

siding 



Bandbook (Chapter 5^ 
para 17) • 
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8BTT mms OF CARBON STEEL SHEET 
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QBdEenvES ■ ; 

^:ter cOTpletiag this study guide and classroom instruction, you v±ll apply the 
we^diisg tectoiqut'ss in ^V-tng %^utt welds of carbon steel sheet. 



iHTRODUeTMN 

The butt jc-J^t is • 
probably the !5ost difficult 
joist to TCid. The 
veld specifications 
must aTT ?9_^ 
produce a joint ^that 
is as strong, if hot 

stronger, than the 

base metal. The butt 
joint also withstands 
bending and twisting 
loads better than any 
other joint. 

INFORMATION 

MANAGEMENT OF DEFENSE 
ENERSY AND RESOURCES 

IHae to the conservation 
of energy and resoxirces^ 
do not write in or 
mark on- any training 
literature .since it 
will be reused by other 
classes. Lights will 
be turned off any time 
the classroom is vacant 
for more than 20 minutes. 
All cons^Dable materials . 
will be tised_ conseryatiyely 
throughout Block III. 

WELDING 

Edges should be deburred 
and squared in. order 

..to meet welding - 

requirements for sheet 
steel, further 
preparation, such as 
beveling, to secure 
complete penetration 

to the root of the 

joint ^ ismecessary 
on metal -up_ to .125" 
(1/8") of thickness. 



frjpef spacing and 
current setting are 
crirtical to ensure 
' sotmd welds. _ A single 
stringer bead is used 

to the thickness of _ 
the meral^ weave be^s 
^? _??^??P^?_ stringer 
beads are not recommended. 

Single Stringer Bead 

.The number of passes 
br^thicfcnesses of the 
layer weld metal will 
depend izpbh the thickness 
9f welded. 
On sheet:steel .125" 
or less ^ one stringer 
be^ will be sufficiCTt 
using 1/8" electrode, 
the joint edge shbixld 
be prepared as pre^lcusiy 
outlined . Spacing _ _ 
should be tack welded ______ 

in place St short intervals 
along the seam. The 
slag deposited during 

tack welding J^ould 

be removed to prevent 
its inclusibh into 
the weld. 

A long arc is held 
momentarily in^rder 
to obtain penetration 
at_the start of tbe 

weld. The top of _ the 

electrode should be 
tilted slightly in 
the direction of travel; 
the exact amount depends 
on the type of electrode 
used and the current 
setting. 

Whenever possible^ 
thin sections should 



be held and spaced 
in a fixture to allow 
for shrinkage along 

the seams, as shorn • 

in figure 43. A properly 

designed fixture will 

hold the ^ges in aligxmeht 

and minl^ze the flow 

of heat into the sheet; 

thereby reducing the 

amount of scp^sion 

and ^lib sequent contraction • 

IJie edges to be welded 

should be spaced an 

amount equal, to the 

calculated shrinkage 

of the weld; The amount 
of spacing will depend 
upon the kind of metal 
being welded . For 
carbon steel, a space 
e(|t;al to the metal 
thickness "is allowed 
at the starting _«d 
of the joint and 1/^" 
for each foot of seam 
length plus the metal : 
thickness at the opposite 
end. 

_ The welds_ shown in 
figure 44 illustrate 
the requirements for 
butt joints^ph steel 
sheet for thicknesses 
up to 1/8". The width 
of the fusion zone 

for lieavy plates is 

governed by the :preparation 
of the joint. When 
the edges to be welded 
are beveled, the weld_ 
should be approximately " 
1/8" wider than the 
spacing. The depth 
of fusion ^ihto the 
beveled edges of the 
joint shotild be 30Z 
to 5dZ. Eeinf or cement 
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THE FIXTURE m^q 
KEERS TH^UCmS 
IN HUStmEHX 



Figure 4Sl Soldiiig Metals- 
•WELD REQUiRE^Cm'S SHEET STE 



in a 'Fixtur e . 

;l butt joint 




30% TO 90% 



Figi£Pe 44. SpecificaHona of Cdrbon Sheet Steel 



height of 25Z "T" is 
usually stif ficient for 
steel sheet. The 
penetration for butt 
welds must be 100% 
regardless of the 
thickness of inetal. 

tight Butt Jbiht 

As the thickness 
of the metal to be 
welded decreases , 
the welding current 
wxst be lowered and 
a smaller electrode 
used. However, there 
Is a limit to both 
of these adjustments. 
The TnjTitTnttfH value of 
welding current with 
which a stable arc 
can be ma^tained 
depends up^ the welding 
machine. The smallest 
diameter of electrode 
tiiat cm be used, is 
the one which will 
not collapse under, 
the amount of welding 



current required to 

produce fusion in the 

base ietai. The electrode 
most sxiitabie for welding 
light I ^auge steel Sheet 
in the flat position, 
is ciassed by the AWS 
(American Welding Society) 
as E-6012. ^±s electrode 
can be used with direct 
curreixt welding Mchines 
and straight polarity 
or with alternating 
. curretxt machines. 

i 

General Procedures 

i 

The[following are 
general procedures to 
be used when welding 

carbon steel sheets. 

i 

f _ 

1. Clean the edges 
of any impurities. 

2. Match the edges 
of the sheet. 

i'_ _ 

3. Tack-spacing equal to 
the metal thickness. 
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4; 'Support the work 
. : , V tliC surface 
of vile. 

5, Sake weld_ using 
1/8*; diameter electrode. 

QUESTIONS 

Note: Answer ail 
questions on a 

separate. sheet of 

paper. DO NOT WRITE 
IN THIS STtJDY GtJlpE* 

1. How many i^crs 

of weld metal _are requirai 
for metal ^125" in 
thickness? 

2. Why is a Ion, 

arc held at the start 
of a weld? 

3. What is the ptjrpose' 
of spacing in_ a butt 
joint of steel sheet? 

4. _ What is the reqtiired 
weld reinforcement 

for a 1/8" metal butt 
joint? 

5. What is the p^etratii 
requirements for a 1/8" 
metal butt joint? • 

REFERENCES ' 

1. TO S4W4-1-5, Welding 
Theory and Applicatioar . 

2. Modem Welding 
Handbook. 
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FIbtET BELDS IN THE VERTICAL POSITION 



OBJECTIVES 

Aft^r co^letlng this study guide and classroom instruction, you will apply the 
techniques and procedures reqtxired for welding vertical fillet joints. 



INTRODUCTION' 

Making fillet welds 'in the vertical 
position is_ one of the labst difficult 

- welding taste yOTjwdJJ. encoun . 

Nbnnatty, more stringer beads are required 
to meet the Jblnt 2^qxd.reiiients because of 
the need to run smaller beads due to the 
effects of g r a v i ty and surface texision. 
Th^^e factors can be overcome only by 

using smaller electrodes and^ 

lengths; the skill of the operator is the 
primary fattbr In selecting electrode 

sizes and in determining^ 

Tour skiU as a welder will be determined 
by the amount of performance you do on 
the vertical fillet joint; 

INFORHffTION 

HANfiGESENT_0E_DEEENSE 
ENERGY RESOURCES 

Due to the conservation of ^ergy 
resources^ do not write in or mark on 
any training literature since^it trf.il be 
reused by other class 0* Lights will be . 
turned off any time the classroom is 
vacant for more than 20 minutes; All 
consumable materials will be used^ 
conservatively throughout Block IV. 

VERTICAL FILLET WELDS 

^rticai position is 
nnxch more difficult than welding in the 
flat position. The force of gravity 

globules passing 
across the arc tends to deflect them 
from the crater. The operator is forced 

manipulate the 
electrode in order.to control the size of 
the molten pool. The strongest force 
propelling the globules across the arc 
is exerted by the .gas produced from the- 
electrode coating. This gas expands at 
^a rapid rate, forcing the metal across 
the gap. 



The fillet welded tee jotot is comnc^ 
used in building and naval construction 
**and is of t^ made in the vertical 
pbsitiOT. It requires ^ch^P?actice to 
make consistently good welds in the^ 
vertical position* . Once this skill is 
- acqxiired, you wlJJ. be eqt^ ***3ke 
welds in practically any position; Hany 
^bamerciar businesses classic operators 
in two, divisions : one^ qualified jo do 
work txi thje;; flat position only» whereas, 
the bthef^s qualified to do work in all 
positions • 

Lap joints Which must _be_ welded in the 
vertical position, expeclally those ~_ 
found in the field, are often found in * 
steel structures fiibrlcated by welding. 
One reMbn for using lap joints is that 
they do not ordinarily require the dose 
tolerances and fitups that butt joints 
do. 

Stringer Beads 

^e correct position, and m^ipuiation 
of the electrode for welding Upward in 
the vertical positiOT Is shw figure 
1. The electrode is held perpendictilar 
to the plates laterally. It is also 

^fr^ the 

horizontal plane, so that the tip of the 
electrode ppihts slightly upward and 
away from the crater; 

The weld is started by directing the 
end of the electrode down, as shown in 
figure 1. This permits the deposited 
metal to form a shelf. After building 

the shelf, the angle of the electrode 
is changed with the end directed upward . 
As the weld progresses, the tip of the 
electrode^is momentarily moved upward 
^ 'ahead of the pool of molten metal long 
enough tb permit the deposit to solidify. 
This is repeated along the line of weld 
to the top of the plate. 




kPPRdXiMATt EtEeTRQBE ANSbF. 
AFTER WELD IS 




ELECTRODE ANGLE AT 
START OF WELD 



Figure 1. Tedhntqm far Welding Upward in the Veriical Position. 
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A somewhat shorter arc length Is 
required to control the si^ of the 
molten pool. The arc is never broken _ 
dirou^out the movement of the electrode. 

The end of the -electrode is 59ved^rom 

thf crater jgst long enou^ to permit the 
deposited metal to solidify and form a 

shelf upon which additional metal is 

<i^posited. TOe ti^to pf this movement 
s»7 vary since some operators work faster 
and use higher current values^ ^ffl others 
Actual effective deposition of ^inetai 
^ould take place only during the- tljne in 
iSich the electrode is 4n position at the 
downward end of the movementi 

W^ave Beads . - - . 

Sse a sli^t weaving nbtion with 
the electrode \*en you_want welds ^lat 
are wider than those produced by the 
stringer. bead technique. You shoiild iase 
a slightly larger electrode with higjiqr 
welding current to produce the "wider weld. 
A 3/16" dimeter electrode is the m a xllmtm 
practical size for vertical welding. 

An ex^^ie of a typical weave iii^ 
the vertical position 13 shc^ 
2. The electrode is moved with ^^light 
side to side notion in the cratyi^during 
the_ deposit iph of weld metal. ^ 
followed by <Bi upward movement of the 
electrode momentarllyto allow the 
deposited metal to solidify. This 



procedure eliminates the highly crowned / 
bead wh niay result when tliS weaving 
TOtioh abt iised^ ?se a series of 
stringer beads w^en larger maxii 
strength welds are required. 



WHIPPING 
UP MOtjON 



WiAVi BiAD 




t 



DIRECTION. 
OF WELDING 



figure y&JA<XL% Weave Beady^ 
" - Wetdirig i?p. 

When ^^aiiic ^^c welding, the 
•preferred direction ' of welding heavy 
metals is from the bottom upwards 
However, considerable welding on thin 
metal is done from the tpp down. Welding 
downward on metals in the vertical 
position reduces the. possibility bf 
burn-through. A higher deg^ of skill 
is required Jfem us^g^ thi^Tfoc^^ 
because of the" tendency ^T^lag to trap 
in the weld. 
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tee doints 

The nm&er of veids required to. 
t paVg a vertical tee veld depends oil the 
^icfcncss of the metal being ?e?ded; 
Where ttdfcjthffi one l^ei? is required to 
meet veld spcciacations^. either the 
stringer bead^ shown ii^igs^^ 
weave bead^^own to figure 4^ can be_ 
used. A combination of the two can also 
be used. In either case, the first pass 
is nade in^e^root of tic joint to 
obtain adequate penetration into the root 
of the weld. _ 'If additional layers to 
be stringer beads^then €sch added layer ^ 
of weld TTi g t^T .requires an_ additional bead • 
Each weld is fused into the preceding ^ 
wfeld by folding the cater of the crater 
at the edge of the last weld. To avoid 
trapping slag i clean each weld thoroughly 
^ cldpping off the^ slag and then 
wirebrushing it. 



WCLOIPiC 
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vrCAMNC PASS 




Figure S. Stnn^er Beads, 
Verticdl Position. 

Weave beads c>t^ be made by weaving 
the electrode, as shown Ini fignre 5i 
After the root bead has been. completed 
and thoroughly cleaned of all slag, the 
weave is started by building a shelf then 
™^Y^_^^1??^*^^^°^^ laterally tb_ the - _ 
desired width of the bead. The electrode 
is held pcrpendiciil^ to the plate and 
moved from side to side. _ A_ slight^ 
hestitation at the end of the weave 
results in good fusion without 
undercutting the plate at the. edge of the 
weid._ If the weld_ metal should overheat, 
the electrode may be raised from the 
crater at short rapid Intervals without 
breaking the arc. This allows the nbl ten 
metal to solidify without running down; 



however, the electrode should be returned" 
to tie weld crater .Imaiediateiy tb.xnaintaln 

. the desired size of the fillet weld. To^ 
^l-fTiHti g^** ¥_^??f?lf end of the weld i 
bre^ the arc momentarily _to allow the _ 
weld. metal to solidify. This "reduces the 
possibility of overheat^^ md allows the 
end of the bead to build up to the 

^ required specifications. 




Figure 3. Vertical Tee Joint, 
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DlRCCnON OF WELDING 

S. J^eatnng ttotion. 
Vertical Position. 

Lap Joints 

When welding lap joints in the 
vertical position, the_electrode should 
be manipulated as ^shown in figure. 6. 
Holding the electrode approximately 
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_^ to tHe plates i start the 

arc and deposit the weid oetal to form a 
Self . Ifoye^thelarc iip and away from the 
• molten pool until^the molten metal has : 
solidified. Contiooous depositing of 
metal without using this movement causes 
molten metal to run oyer the shelf and : 
down ^e weld. A slight hesitation^og 
the electrode at the bottom of the "«X" 
\H.th the arc directed mstely upon the 
lower plate aids in_ penetration and 
reduces the possibility of overlapping 
.and undetrcutting . 



■DkCK^WELO 





Figur e 7 * Sisnnger Beojis 
Tevticat La^ Joint, 



NOTE- 

LOWER PARt SLOW 
UPPER PART FAST 



Figure 6* Vertical Losp Joint. . 

When you weld lap joints cf plate up 
to 1/4" thi^, one pass on each side of 
the TOld is norcally sufficient to develop 
the full strength of the base metal, ^ If 
the metal is thicker than 1/2"^ a series 
of stringer beads may be heeded^ 
in figure 7. The fl5?l_P2BS can be made 
by ^weaving tfce eiectrode as shown in 

figure" 8^ -This -procedure is necessary 

when the weld specificstioa cannot he met 
by a single weld. 




DfRECTlON OF WELDING 



Figure 8^ Weatririg Motion 
Vertical Position » 



Md^g satisfactory tri lap _ 

joints is mbrw difficult, tt>ap r;Ta^jn| velds 
on tee joints in the verttcai position; ; 
This is due mainly to the_ C'Vi^A:'Xapping _ 
edge of the top plate on I joints. The 
o^^l^PPi^ f^if ^ easily 
overheated if the proper manipulation of 
the electrode is hot used. This causes^ 

*^cutting at the^ ?PP^ edge of the 
veld and possible overlap on ''^rwer 
edge of the veld* 

Electrodes 

The electrodes used for vertical 
veldi^g have llf^ter coatings than the 

• wsed for flat pbsitixJn v 

ire desij^ed to allov. the veid metal 
5.ag to splidi^ quiciay. This type 
. ^ctrode t«ed reTC polarity, 
nation is secured easily since the 
greatest anbimt of heat is at the positive 
side of tile veldlng circuit (the tip of ■ 
the electrode). This is an aid to a 
pbsitipn.in vhlc^: penetration is btherylse 
more difficult tb o^taln^ The electrodes 
-^are classified under American Weidii^_ 
Society. Specif icatibhs as AWS 6010 and in 
AF supply catalogs as Class B. 

Current Settings 

When using coated electrodes in the 
vertical position^ use smaller electro^ 
and lover current Settings as coiiq)ared to 
flat position veiding. This helps to 
maintain a small pool of ^mblteh metal; 
thus permitting surface^ tsision to 
overcome the force of gravity* The 

current settings recommended by the 

electrode ^^uf acturer serve as a guide 
in making initial settings for a given 
electrode size. 

\_ 

Joiht Preparat'^n arid Held Specifications 

The joint preparation and veld 
spe^ficatibns. for veldihg to the vertical 
ppsitioh are the eaae as f or^^eld^ in 
the flat positlon^^:4t mayi however, be 
necessary in vertical -yeldlhg^ to make a 
number of passes f or ^ joint vhich vould 
require only one pass.in S[c flat 
position. y . 

Procedures for Welding of Tee Joints V\ 

!• Clean the surfaces to be 
velded; 



2. Set up the vork, tack veld_it ^ 
seeurely; rad support the vork firmly so 
that it vili not fall off the table. 

3. CoBiplete the first pass in each 
joints being carefxil to acqtiife adequate 
pehetratidh at the root. 

. 4., Complete each side vith tvb 
additibnal stringer beads. 

5. _ Weave a pass over the preceding 
beads in each joint. 

_6._ Continue the veavihg passes until 
all the joints are filled. 

Procedures for Welding of Lap Joints 



1. Clean the surfaces to be velded. 

Set up the vork and tack veld the 
':top and bottom. 

3. Starti^the veld at the bottom of 

the joint* Weave the electrode in the 
manner illustrated in figure 6, making 
the upp^ part of ^e J rapidly and the 
lover p^t more slbvly. _ This is_ requxired 
since it is desired tb deposit the veld 
me^l only during this part of the 
movement. 

4^ Try different electrode angles 

and rod maniptilations until the best one 
is fbuhd. 

5. Weld the joint on the reverse 
side. 

QUESTIONS ^ 

Note: tesver all the questions on a 
separate shee t bf paper. DO NOT WRITE 
IN THIS STUDY GUIDE. 

1. _ When are multiple passes used bh 
lap velds? 

2. Why is the electrbde moved 
vertically avay from the crater in making 
a "J" veave? 

3. . What Is the main purpose of the 
root bead in a vertical veld? 

4. _What deteralnes the n^>er of 
-passes required for tee joints?: 
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5.. Can. a vertical weld be ina-^ 
with the torch novitig aowaward? 

S_. Why. must the electrode be 
maxiipulated when welding lap joints? 

7. Wiere shoxild most b 

heat be directed in vertical welding? 

8. What type of electrode is 
suitable for vertical welding? 



9; Why is a vertical lap joint more 
difficult to weld than a vertical tee 
joint? 

10* _ Why is i.t necessary to assure 
good fusion at the root of a weld? 

REFERENCES 

TO 34W4-1-5, Welding Theory and 
Application^ Modem Welding Handbook 
(Chapter 5) . 
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FiLLET WELDS IN THE OVERHEAD POSITION 



OBJECTIVES 



After completing this study guide and classroom instruction, you will ^apply the 
techniques and procedures required for welding overhead fillet joints. 



. iNTRODUeriON . . 

_T^^9T^*^^_'P^^^?^^*^_^^_^^^^^ is 
one in which filler metal is deposited 
from the underside of the Joint Mid the 
face of the weld is* a:pproxtmateiy 
-horizontal.. This is probably the mod t 
difficult of all the welding positions, 

INFORHATION 

: MANASaiBiT-eF-DEEESSE 
- ^ ENERGY RESOURCES 

Due to the conservation of energy 
resources, do not write in or mark oh 
any training literature since it will be 
reused by other classes* Lights will be 
turned off any time the classroom is 
vacant for more than 20 minutes, All 
consumable materials will be used 
conservatively throu^out Block IV. 

OVERHEAD WELDING' 

In the erectibh of structures jKid 

equipment, and especially in repair work^ 
it is often necessa^ to weld in the 
overhead position » Fortunately^ there 
are forces- pressxt-in the electric arc _ 
powerful enou^ to aver come the force of 
gravity and make it possible '^ deposit 
metal overhead. One of the most 
effective of theseforces is tha ^• 
propelling power of tLe gases fpriaed by 
the coi^ustion of tlie s*lectrode coating. 
These -gases ^e expanded at a tremendous 
rate due to the heat" of the arc. 

Depending on arc lengths^ the 

transfer of metal in the overhead 

position is accomolished in different 
way^. An overhead deposit made while 
holding a long arc Ijs relatively s 
and due only to condensationL of vaporized 
metal. In tbe_ case of the short arc, 
there is a glbhular growth witil contact 
is inade with the liquified plate or 



surface of the deposit, m shown in figure 
9. Here the forces of adhesion and 
surf ace tCTsioh at the plate overcome the 
.COTibihed forces of gravity > cohesion, and 
surface tension holding the globule to 
the electrode tipi The forces acting 
against the depositing of mol^^ metal 
may be' overcome by using a small diameter 

Electrode and holding a shorter arc . 

i9^??_?-??^^y_^ helpful 
in starting an effective me tall deposit 
This\can_be accomplished by holding a long 
at the start of the weld. It is often 
desirable on heavy plate to bixxrn or waste 
2 to 3 inches of the electrode in heating 
the joint. 




Or , those electro Hesi^f.cf for 
overhead veiding shcul'i b? ^ sed. 
W6id ' ng_ with __large q?-ame t ci electrodes is 
dlf£i':ult. The 3/16" diameter electrode 
t<i thR marlmnm p.acCia'il -ize to >> us^A 
for overhet^*? wexdi'^g. Tka ambunl. .f 
vel/^L^2 - ii-s^ut Vacul<f be careful^^ 
a6.jus::ed so ,:Rat a sht* ''; arc lengti^ can 
be hel *. d^V a t.liglit imbu^'L of 
electrode i!ibvr*JUf-i!t: is hec£s< ^ry if the 
ctirr* nt ad•;a^^tm^nc and eiiCtrbde angle 
is correal. 

Polarity 

Reverse polarity tsed vfara U3±ng 
a direct current ^'.r': voiding inachine. 



m 



.CLECTROOE ANGLE 



Figure 10. Tee 



Penetratioti is mare easily obta in ed since 
the greatest amount. of heat is at the 
positive terminal of t±ie welding circuit. 

Cyrrent Settings 



The selection of welding current 
dep^ds'on the size of the electrbcpy the 
thickness of the plate^being welded , the 
position of welding, and the welder's 
skill, Fbr pveiAiead position welding, 
lower current valxies must he u8ed> Ttl 
general y the proper current settings, are 
.obtained from experi^ce and shbtild be 
-^^j uf ted t a fulfill the reqt^ements of 
tiie particular welding eration. IJata 
published the manufactijrer should be 
used only as ajpiife*since_^ny factors 
::ffect tfae^ current requirements. 

Welding Technique 

tSien making fillet welds in the 
overhead pbsitiquy ^_d^9^_a_^^ should be 
held and tiiere ^ouid be no weaving of 
the .cdectrode. The electrode should be 
held approximately 20 decrees to the 
vjgrtleal plate and moved uniformly in the - 
tlirectign bf_the weldings as shown in 

controlled to secure a good penetration to 
:;he r cpt 6f_ the weld and good fusi ii with 
th^ fid^w^ills of the verctc^ ^d 
hori:8ontzl platcts. If the molten metal 
becomes too fluid and tends to sag, the 



^otnt Werhedd. 

electrode shbtild be_ moved away quickly 
from the crater to lengthen the arc and 
allow the metal to solidify. The 
electrbde_ shbuld then be. retuimed 
immediately to the crater and the weld 
continued . 

JHhen welding heavy plate in the 
overhead position, several passes or 
beads are required tp mali^ the jbint. 

added to the joint, is shown in ^figure 10. 
The first pass br bead is a stringer 
bead with tib weaving^motion of the 
electrode. The second. and third passes > 

are made, with a yei^ slight circiilar 

mbticp of the end of the electrode .while 
tiie tr " the electrode is tilted _*ibout 
15 de.v in the direction bf y elding. 
^ri4i_^?^9?Jf™i?? control and 

better distribution of the weld Toetal 
being depbsited. All slag and oxides 
should be removed from the surface of ^ 
each stringer bead by chipping _c)t w-.rr 
brushing Ibefbre additional beads are 
depbsited in the joint. 

Procedures . ^ 

The f olimdig. are general prbcedures 
tb be used when ^'^'^vz overhead welds. 

1. Cle^ the metal tb be welded. 
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2. Set up the f ixtt^e iti the 
oaiuier described by your tnstructor. 
Hake sure that the work is securely 
fastened to the fixture; 



3. Attach the work 
in the overhead pbsltlbn. 



to the fixttire 



; /u 

$• What diameter electrodes are 
usually used for overhead- welding? 

4. What are the causes of 
undercutting on overhead welds? 

a_ __ 

5. Why do you use a sjiort arc in 
overhead welding? 



4. _ Strike an arc, 'Then hold a long 
arc until tro dr^rcc globtsles fail to «» 
the' floor, and then shorten the arc to 
the correct length. 



6. What is the principal 
in welding in the overhead position? 



5. Complete the root bead^ trying 
various angles df the electrode until 
the best one is found. 

^6. Continue laying stringer beads 
until the veld is complete. Chip off 
all slag after each pass. 



7. Which forces in the arc aid in 
overhead welding? 



QUESTIONS ^ 

Note : &iswer all ques tibns on a 
separate sheet of paper. DO NOT 
WRiK IN *rHIS STUDY GUIDE. 

1, ^^c ts . the cause of slag 

inclusions in position weldingZ 

2. __How naythe forces acting 

against the depor.it of metal in the 
overhead pbsitioa be overcome? 



8._ What force hinders overhead we 
welding? 

_ _ 9. When 'direct curr^it Is iised for 
welding in the overhead position? What 
polarity is used? 

10. What type of electrode sliboLd 
you use in welding in the overhead 
position? 



TO 34W4-l-5i Welding theory and 
Application, Modem Welding Handbook . 



Metal. 5 NDI Branch ' 3ABR53i3i-S(3-4d3 . 

Channte afB; lil&ois - - 

..^i^ PIPE JOINTS 

. QMEETIVES 

After co^ieting this study guide and classroom instnictidh^ you will apply the 
techniques and procedures required to perform metallic arc welding of pipe joints; 



iriTRODUeTION 

A tubular section is the most 
effecient viiere a large asibuzit of torsion 
is involved. It is for tbis reason that 
aircraft engine mounts and landing gears 
are constructed chielly of tubular shapes* 
In the ^ construction field, pipe is being 
used extensively for structures such as 
frames, platforms^ ^d fixtures^ The 
petrole^ ^industry pipe for ^ 

transporting liquids _and gases , and the 
equipment , necessary f o?_P*^2§*^^^o?_ °f _ 
these fuels* Welding has made available 
the use of tubular sections for these 
purposes since Joints are ^de directly. 
Co other moDt-ers vithout the use of a 
mechanical con^.ectlng member* 

INFORMATieN ^ ' ' - 

ENERGY RESOURCES" 

Due to _t±ie-conservatibn of energy 

re^ourcea,^do not wrf mark on any 

trainfiig literature since it 5d.ii be _ 
reused by other classes* Lights will be 
turned off any time the classroom is 
vacant for more than 20 minutes* All 
consumable materials vill be ucea ^ 
conservatively .throughout Block IV* 

TYPES OF JOINTS . - . 

The advantages of arc welded piping 

sys tens are: (1) Pf^an^^^y tight 

connections -of great strength and. 
rigidity^ (2) resistance to flow due to 
elimination of projections inside the 
pipe, (3) a pleasing app^^^^^e^ (4) easy 
and cheap application of insulation, (5) 
simplification of^deslgn^ and (6) 
elj^inati^ of many fittings required by 
mechanically cbnhected- systems. 

this, f reeded of design witH_ tubular 
steel members is just one way welding 
makes sav^gs possible that cannot be 
obtained by any other method of 
fabrication or construction* 



Butt Joint : 

The most common type of joint used 
in the fabrication of welded pipe systems 
is the batt joint, it is the most 
satisfactory from the_ standpoint pf stress 
distribution* When the wall thickness of 
the pip€ is 3/16" or greater, the ends of 
the pipe are beveled to an angle of 25 to 
37-1/2 degrees to within 1/16" of the 
inside wall of the pip^y as shown in 
figure 11* _ The^ oxyacetyl^e cutting torch 

is us ed to b evel heavy walled pipe , 

whereas, thin walked plp^ can .be beveled 
by using a pedestal grinder* 

A. -backing ring is used When joining 
large diameter pipe which is subjected 

to severe service conditions* T^^.i? 

ring shaped strap \^iclr is fitted to the 
iiiide surface of the pipe at a joint 

prior to welding * It may be either a 

plain fiat strap roiled to fit the inside 
diameter of 'the pipe or a forged or 
pressed shapf| with or without projections 
vhi^ ^^^^ ends the p toper ^ 

distance apart » as shown in figure 12X 
Its ftmction^is to assist velder In^;. 
sectxring conq>iete p^etration to the _ x 
inside sxzrface of the pipe without burning 
throu^ and to prevent fiobules of 
spattered weld metal and slag from _ 
entering the pipe* Backing rings help __ 
^?4i*^ ^^f_P^P?_????_^??_^^^ not normally 
used in shop fabrication* They are 
removed after the welding has been, 
completed when indsrnal clea nin g is to 
be^done* 



Butt joints should be reinforced 
with weld metal in excess of the net _ 
throat dimension by at least 1/16". The 
reinforcement should be gradually ^ 
increased in thickness f roar the edge to 
the center* Avoid excessive 
reinforcement because it tends to 
introduce undesirable stress 
concentrations • 
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THICKNESS CTJ 
GREATER THAN 5/4 INCH 




THICKNESS CT) 
r/16 TO 3/4 INCH 



FORMS OF SEVEtS FOR BUTT-'WELOED JOINTS 

Figme'il^ tamB of Bevels for Suii^Welded Joihta. 




Figzere 12. xgpes of Backing Rings, 



Fillet Jbiht 



The general application for the 
fillet joint in pipe the intersection 
Jbintrsuch as the tee, ell, or vye. 
Joinixig pipe where one meaiber forms an 
angle to another^, presents the problem of 
eitHer preparljig bott ends of the pipe to 
form the joint or fitting a single pipe 
to join another at^ angle* Depending 
on -the time factor^avolved^ the j^iat 
prepration can either be done by guessing 
at^he proper angle of the cut or by 
mfl ^-f^g and xjsing a template* 

The materials necessary for making . 
patterias consist of a straight edge, 
trisngle, compass, rule, a piece of 
heavy paper ^ and a pencil* In laying put 
a .j)attern f or a_90-degree bend, fii^t lay 
out the joint actual size, letting ::he_ 
ii^es represent the outside diameter of 
the pipe, as shown in figure 13. Next, 
inscribe a circle and divide it into 12 



equal part Number the parts begi nntn g 
witii zero. Extend these jointsvover line 
Ak and nuiber the intersections to ^ 
correspond with the pointy J)f the circle, 
as shown in figure 14. Draw line BB at a 
ri^it angle to the diameter ^ starting it 
three inches from the corner. This ^ 
coc^letes the preliminary details prior to 
making the act^ial pattern. 
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Proceed to lay off line CC which 
represents the circumference of the^ 
circle, as shown jl^ figure 15. Divide 
this line into as many equal IJ^arts as _^ 
the circle was divided into and number^ . 
them beginning at the left with zero; 
At each di^sion, draw a line at_ a rdL^t 
^gle to CC. Starting at 0 on the 
vertical line, lay off a leagth equal to 
B-0; on line 1, lav off length E-1; on 
line 2, B-2retc. v ril B-12 is laid off , 
which is equal to B-O. Nowj> joifl^the 
extremities of these lines and the result 
Should be the curve A& which corresponds 
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Figure 23 • Lc^irvg Out a Pattern 
a 90"" Bend (First Step) . 




F-tgwre 13. Layp^ Out a Pattern 
a SC^ Bemd (Second Step). " 

to the line A' A V in figure 15. The 
patteifa is cut oat by cutting along the 
edges CA% A'A% A'C, CC. 

The pattern is ^en wrapped around ' 
the pipew fiold it in position with one 
hand and laark an outline on the pipe with 
soaps tone following tiie line A' A'. This 
is the cutting edge* Cutting the two 
pieces of pipe on line A'A' and buttitg ' 
them together results in a 96-de^ee bend 
uiiich ih'ouid require no trimming other 
than beveling of the edges. 

^ This procedure can be applied to any 
pipe joint. If a pattern for a tee is^tb 
be made, the joint is laid out as shown 
in figure- 16. _The pattern is wrapped 
arbtjhd the outlet of the te^ so that the 
circle is Inscribed in the outlet and not 
in the run. 

The' difference betwe^ tfiis pattern* 
and the pattern fbr .the ell is that the 
cutting line AA is half a J^rcle instead 
of a straight line. After the outlet is 
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cut along the. edge A 'A' on the pattern ^ 
it is placed in position on the run and 
the outline sarke^and cuti The outlet 
serves as a pattern to cut^the opening 
in the run. This procedure may also be 
used in l^ing out patterns for a pipe 
elbow as shown in figure 17. 

WEi.D!N6 PReCEDURES 

^ Xleaning 

the .welding faces and the adjoining 
pipe surfaces should be cleaned back at 
least iM" from ^e welding groove. Ail 
rust, paint, scale, oil, or grease should 
be removed by either the chemical or 
mechanical method. They i&ake it 
difficult, if not i^bssible^ to secure, 
penetration and fxisibh to the ba#e metal 
and a sotsid weld deposit*. 

Alignment 

The pipe must be carefully lined up 
jefbre welding. If the two pieces to be 
joined have the sane internal diameter, 
regardless, bf wall thicknessj b_ackin|;_ 
rings may be used to bring the bore of 
the two pieces into <aiignmsit; When 
backing rings are not _used^ ^e two pipes 
br fitting ends are of ten secured in a 
fixed position by an external ^amp. 
they can also be secmre^ by pbsitl.)ning 
in a chirriel or section of angle iron 
large esougji tm pisrmit the ends to fall 
into proper line i as shown in figure 18. 
Where the pipes rceet at an angle, a 
suitable fixture msy be constructed if 
a number of s^ch joints_warrant its, 

cbnstructibn. Proper al^'gnmaht for 

angular id^' ars can oe closely maintained 
by predeternd.ned allowances for 
cbntractibh br the weld, along wltli proper 
welding procedures, thus eliminating t^e 
need for a fixture. 

lacking 

After the joint is aligned, tack 

weld at regular intervals prior to actual 
welding, this maintains the_jbint 

^l-i^nmr oriA p<^nh-f f-^ y^pnTOl of any 

external fastPtntngs ^ic& may have been 
used for this, purpose and which would. 
Ijiterfere with the complete welding of 

h^dling the pipe after setting up 
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5 4 5 6^7 8 9 10 

LI^E CC REPRESENTS CIRCUMFERENCE OF CIRCCE 
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Figure 15. Fattern for dO^ Bekd. 




Ftgure IS. tiayvng Oat the Pattern for a Te'e. 



before welding. As a rule^ the length 
of tack welds in arc welding should be 
two to three tines the thidcness of the 
parts joined. Tack weld*? should be 
thoroughly fxiscr^ into the main weld. 

PJeldin§ Technique 

_ _ _ _ _ # _ 

Pipe welding involves no new 
principles of . welding., The^oain 
difference is tiiat either the position 
of the work or •the welder must be 



constantly changed due to the ciircular 

There is no specific direction for 

preferred dirf^ction is usually from the 
bbttpm upwara; however, cohsiijerable 
welding, especially of* thin or -3diQffl 
wail thickness pipe^ is done in the 
opposite direction. Ordinarily, more 
*^*^?^_P^?_^^yf^ is deposited is welding 
upward, and the requirement of having 
the layers thin enough to undergo 
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Figicre 17. , fjayout of Welded Angle Joint of Heavy Vvge CohstTnxcHoh* 



TACKWELD 



ANCCt IRON 




SUPPORT tCOCK 

Figure 13. ^^te Iran Serving 
OS Fixture far Smtl 
Dimeter Pipe. 

complete grain' refinement must be 
considered, D6«|nward_ welding; requires a 
hi^er degree of skill to secure adequi 
f usioe with tSe side yalis and to avoid 
trapping the s^^. ^ - 

The nu^er of passes required to 

neke a pi,pe weld varies with wall 

thickness of the pipe and the position 
bj the pipe wfaoi it is welded. When the 
work can be_ r<>lleU ur -hen the pipe is 
in a fixed hori2on»:al position, a layer 



of metal is deposited across. the full 
width of the welding groove during- each 

P^f ? ^cn the pipe is in a fixed 

vertical position, the metal is deposited 
in a series of stringer beads* Regardless 
of the position of the pipe, there is 
usually one layer or pass for each 1/8** 
of wall thickness * 

- £a^ i^^T^ of weM metal* should be 
thbfou^ly cleaned before depositing the 
next layer* Chip with ^ slag hi^ 
' wire brush it to remove all siag deposits. 

Weld Repair ^ i 

When a weld is to be repaired ^ the 
defect should be renioyed by chipping, 
ma^ising, flame gouging, or flame 
. cutting. A^ter removing the defect, dean 
and shape the ^repair area^so that a sound 
weld deposit^can be obtained. 

^ Procedure 

The following are general 

procedures to be tised when making pipe 
- welds. 
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figure 1$^ Butt 

1. _ Cut two pieces of pipe to the l 
required length. 

0 _ _ _ _ _ ~ 

2. Clean and_ bevel the joint ends 
as shown In figure 19* 

3. Set up work^m V blocks or at 
an angle and tack weld at fotsr equally- 
spaced points; 

4. Using one hand to turn the 
work, weld the first pass using a 1/8" 
diameter electrode. 

5 . ,ehip off the slag md inspect _ 
the weld Jfe>r penetration and fusion. 

^ 6i Weld the second pass in the 
same manner using a 5/32" electrodi. 

QUESTIQNS- ' 



Note: Answer all questions on a 
separate sheet of _paper^_ DO NOT 
WRITE IN THIS STUDY GUIDE. 

, !• What is t^e purpose of the 
backing ring in butt welding pipe? 

2. What is the purpose of. a 
template? 



Wsld in Pipe. 

. ' - — _ - - ...... J' 

3. _ How^doeS the metal thickness 

affect the number of passes in butt 

welding pipe? 

A; i^hat are the advantages^ in 
wfizikle bcaidlng pipe? 

5; How inich pipe 'would be required 
. to produce a 90^. bend with an outside 
radius of 28 in^es? 

_ 6. ' How is the spacing of the 
wrinkles determined? 



?• ' Why' is excess pehetratlbn 
undesli^able in a butt weld? 

1 8. What methods are used to bevel 
large" dimeter pipe of heavy wall 
thickness? 

V pproxlmately vfaat size are the 
tack welds in comparison to metal^^- 
thickness? " ... ^ / 

10 i ~ How can the alignment of pipe, 
mds be maintained prior t€r welding? s ^ 

REFERENCES . 

TO 3ffl4-l-5> Ifelcing feeory .asd^ / - 
Application > "Modem" Welding Handbook . 
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HEAT AND eORRdSION RESISTANT FERROUS AttOYS 
OBJECf^vIs • • 

After completing this study guide and classroom in^ .iructiop., you will apply the _ 
techniques _and.prpcedures„re<iuire^^ perfdnh metallic arc welding of heat and cbrrdsibn 
resistant ferrous alloys. 



INTRODUCTION ^ 

I ' ^ • • 

Heat and corrosion' resistant ferrotis 
alloys* sometimes referred to as stainless 

use mainly ^ecause of one characteristic 
• they -have fh common • They are all 

?9_^f??_?*^§ corrosion. This 
corrosion resistantLaudity is due to a 

chromium content iri^ambunts over 10 

P^??^*^?'__??^f? elements added to attain, 
certain desirable properties are nickel ^ 
manganese^ columbiisoi, titanitim, 
mblybdentxm, silicon, and carbon. 

INFc,^iWtION 

MANAGEMENT OF DEFENSE ENERGY RESOURCES 

_ _ * _ * 

Due tb the cons erySt ion of energy 
resources, do not write' in ar'^ark on any 
training literature %ince i'tw-H be 
reused by Jbther classes. I*i^ts will be 
. turned off any time the classroom is_ 
vacant for more than 20 minutes. All - 
congutjgBle^^mat erial s "wiQ be used^ 
conservatively throughout Block IV, 

METftttie - ARC - WEtDiNS_eE _ HEAT 
' AND CORROSION RESISTAN"^ 
FERRQUS ALLOYS 

As fiaf as wel^Sg'is^^jt^cernedi 
practical!^ all starless sEeels can be 
divided into two gmisrai* classes;^ th^e 
containih'g only chrdAxini as the alloying 
element, and the austenitig ^types. The 
latt^x cobtair;^ :botb chromium and nickel 
i^^rying ambxmts. 

Th^'first^ciasSi toown as straight 
chromium stainless steels^ are more 
difficultj tb weld than thbse containing 
boOT ^bro^iimn si^el. When metals in 
"tfie fir4*t: class are heated" to melting 
'tiKi^er^turfes , they are sub j ect to rapid . ' 
grain growths ^d do not respond>to grain 
refinement through heat treating. Such 
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alloys , when welded , pbssess _very little 
ductility; therefore, welding is not 
fecbimncnded when the part is subjected to 
movement br shbck at rbbm temperatures. 

The second, class, or chrbmitnnr nickel 
grbup, is tnbst hi^ly recbmended fbr 
welding. These metals, being of an 
austenitic nature^ are extremely tough 
and ductile in the as-welded condition. 

the techniques and procedures, 
emplbyed in welding stainless steel are 
different than those used in welding 
carbon steela. - Not only must the strength 
bf the base metal^be maintained 
weld area, but» in practically all case^ 
the cprrbsibn reslstance must be retain^ 
as well. .Frequmtly^ welding must be dOT 
on thin gauges. Often, the appearance of 
a polished stainless steel surface must 

be protected; ??fscrvation of these 

qualities rest not only in your. ability as 
a welder^ but alsb in ybur knowledge bf 

staljiless steels. _ Ybu slio 

each stainless steel is affected under the 
influen^ of heat and anticipate this^ 

¥9? M that you My control the 
damaging ^effects of welding. 

* 

_T^5_^?f^i??*^_??9? Institute / 

has standardized stainless steel.types 6y / 
the use bf &_numberlng system. Fbldbut 
1 (located at back of this SG) , shows the 
common t3rpes bf stainless steels^ their 
approximate _cteomium-^ickel content , 
usage, and generai^ characteristics. 

/■ 

Fusion welding by use bf^ the metallic 
arc is tised in the fabrtcati-on of stainless 
stainless stoels. For bes^t results in 
welding, stainless steel should not be 
held at the ^elwing t^^erature long. 
This causes loss of corrosion resistance ^ 
warpage^ and undesirable : grain grbwth. 
Metallic arc welding c^ he to 
avoid these harmful effects because the 
heat application is immediate in this 



method. In making a weld, the metal 
deposited and the joint edges are heated 

to the melting temperature of about 

2690®F. The body of the work, however,. _ 
remains cold. This causes a zone parallel 

to and near_the weld which is heated 

between 1«00° ^andlSOO^F, causing carbide 
precipitation. Since arc welding is _ 
rapid, this zone is quite narrow and close 
to the weld. The deposit cools quickly 
resulting in a mfn-^^'^ of heat_ build-up 
odjac^t tb the weld. This allows the 
Laying of a deposit which can be 
accurately. controlled. Good control is 
also possible. because the cdmpbsition of 
the weld metal deposit is the result of 
two toown compositions, that of the metal 

being joined jind the metal in^ the 

electrode. Where metal thickness permits, 
metallic arc welding of stainless steel 
jet engine and reciprocating engine 
Exhaust manifolds is highly recommended 
for the following reasons: 

1. The intense heat of' the arc 
permits faster wei^'ing speeds with 
mliimum heat inp-it and varpage of the 
part . 



2. r** 

a 1' 
gas shield, 
deposit of tl;' 
of the wel ^ tuc 



9f the electrode 
-tion, prbtectiye 
covering during , 
trbde and cooling 



3. Variou" electrode cosfl>inations 
are available which make it possible to 
compens?' ^ t loss of certain elen^nts 
such as c'. o(u-uci and cblumbitSB during 
welding 

Sxnce many jet engine parts are 
fabricated of very thin stainless steely 
arc welding is restricted to parts in 
which heavier gauges of metal are used. 
Other aircraft parts, such as exhaust 
msmifolds and collector rings, jire 
fabricated and sometimes repaired by 
this method V 



SELECTION OF ELEeTROQE^-PBtARITY* 
AND eURRENT SETTING 

Electrode — 

The composition of electrbdes £br 
the welding of stainless S£eel is of 
critical importance from the standpoint 
of Corrosion resistance and tensile 



strength.. This is especially true of 
numerbus jet engine repairs where the weld 
deposit must meet exacting requirements. 
Manufacturers of electrbdes must meet 
certain cotsnerclai and military standards ^ 
Which are established by the steel 
industry and using agencies; 

Specifications of welding electrbdes 
for heat and cbrrbsibn resistance steels 
are contained in military specification 
Mit-E6844A. Electrode composition, 
commercial designation, and color 
identification for each is shown in 

Foldout 1. the method of marki^Tg 

electrbdes by cblbt is shown in figure 20. 
In requisitioning* electrodes from federal 

supply catalogs ^ the military 

specif icatibn nxxmber will be shown as 
part of the itt-a nomenclature. Positive 
electrode id^_tificatiph can be made by 
reference tb MIL-E6844A. 



Figure 20.. Calor Mirking 
for Electrode Identification. 



Electrode manufacturers consider 
certaii ei^ents lost as they pass through 
the arc. Such Ibsses are compensated ^or 
by an increase in toown volatile elements 
in order to produce welds whose V 
composition will be /close tb that of the 
base metal. Approximately 30 percent of 
the coixjmbium in an electrode will be 

lost ta^eldihg. In welding 18-8 ' _ 

stala^es^ "Steel, an electrode containiJig 
19 perc^t chromium and 9 percent nickel 
is often used- Titaniim cannot be 
transferred from the electrode through the 
arc and' for this reason titanium bearing 
rods are hbt used in arc welding. 

Polarity 

Direct ctjrrent with reverse polarity 
is geuerally used fbr^etallic arc welding 
of stainless steely This places the hotte 
hbtter end of the welding circuit at the 
tip of the electrode. This causes faster 
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melting; therefore, faster depbsltihg of 
filler metal from the ^ectrode; It also 
results in less heat input to the base 
metal being j dined . Straight polarity is 
sometimes used on heavy gauges of 
stainless steel. 

eiirrent Setting 

The welding^ current should be ^ 

adjusted to provide only enough current 
to ensure good fusion. Lower current 
settings are "required laore^ f or stainless 
steels th^ for ordinary steels of equal 
thiclmess becai;se they possess a lower 
heat conductivity than common steels^ 
This tends to keep the heat of' the arc 

Realized at thP points of f^nhtAgr ra^hAr_ 



???^_^^9^'^^_^_^9_?^?Y^ back into 
the plate. ' Stainless steel will also 
penetrate much better than steel because 
it is very fluid when s^l't^; whereas 
ordinary steel, tends to be more viscous 
and sluggish. Foldbut 1 lists average 
curreat settisgs for the most frequently 
used sizes of eJ.ectrode. dther_f actors, 
such as metal thickness, t&ss of metal^ 
type of stainless steel and tie ability 
of the. operator srost be considered in 
determining ecact current settings for 
a*part±cuiar welding job. 

Procedures for Butt Joints in the Flat 
Position ' ' - 

The fdllowdjig are gen^al_procedures 
to be used when welding butt joints in 
the flat position. ■ : ■ 

!• Clean the surfaces of the metal 
arc to be weld^ (1/8" x 6" x 6") . 

" 2. Set up the joint with proper 
spacing and tack weld the ends. 

3- Hold the proper arc length to 
ensure good fusion^ ' 



4. Weld the ^ butt joint according 
to weld specifications. 

5. Check the weld for contour of 
bead, penetration at root, and slag 
inclusions; 

Procedures for Tee Joints in tfte 
Horizontal Position 



The following are general pr6cfeds;re.? 
to be used when welding tee joints, i: uht 
horizontal position^- 

1. Clean surfaces of the metal are^. 
to be welded (1/8" x 1-1/2" x 6") • 

2. Set up the jojtat with proper 
alignment and tack weld the ends. 

3. Hold the proper arc length to 
ensure good fusion. 

A. Weld the tee joint according 
to ireld specifications. 

5. Check the weld for contoiir of 
^feeadj, : peneCTatii?n-at root y and slag 
inclusions. . ^ 

Procedures for Lap Joints in the 
Flat Position 



The following are general procedures 
.to be used when welding lap joints in the 
fiat position. " 

1. Clean surfaces of the metal 
area to be welded (1/8" x 2" x 6") . 

2. Set up the joint with proper 
overlap (a|)prbximately 3/4") and tack . 
weld the ends.^ 

« 

3. Hold the proper arc length to 
ensure good fusion^' 

4. Weld "the lap joint according 
to weld specifications* 

5. Check the weld; for contour of 
^M^i P^^^^^^^9^_^^ bottom of plate, 
and slag inclusions. 

QUESTIONS 

.Note: Answer all questions on a 
separate sheet of paper. DO NOT 
WRITE IN THIS STUDY GUIDE. 

^ 1. \^ are stainless steels 
commonly knbwn as heat and corirosion 
resistant steels? 

2. Intb'what two general classes 
caii stainless steels be divided? 



19 



19§ 



ERIC 



3; t±st by type nomber the 
stainless steels used tp» fabricate gas 
turbines, exkaiist «sys terns , and exhaust 
manifolds; 

4. ' What factors inust be coasidered 
in order to produce good welding results 
in stainless steel? 

5. . Why is the composition of the 
electrodes for wilding stainless steels 
critical? 

6. How are tl^e various types of 
welding electrodes identified? 



7i What polarity is used to 
metallic arc weld stainless steel? 

8i How "do current settings 
differ between, ordinary steels and 
stainless steels? 

REFERENCES : 

TO 34W4-1-5, Weldiag^Theory and 
Application, Modern Welding- Handbook •* 
(Chapter 18). 
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CAST IRON . 



_ After 'completing this study guide and ciassroom instruction; you will apply the 
techniques and procedures required to perfbrnT metallic arc welding of cast iron» 



INTRODUCTION °, 

Cast iron is a con^instion of iron 
and vcarbpn with other elements.picked up 
during the refining process. The carbon 
content of cast iron may vary from 1.7 to 
4» 5 percent. It is the high carbon 
content that gives the. cast iron its dark_ 
color. 

There are three typets of cast iron 
used in industry:' gray; white, and . 
malleable. Gray cast iron is made by 
slowly codling the molten iron, white 
cast iron by quicidy cooling the molten 
ir6n> and malleable cast iron by heat 
treating white cast iron. 

INFORMATION " 

MANAGEMENT OF DEFENSE ENERGY RESpUpCES 



Due to the conservation of ^energy 
resources^ do^not write In or niark on 
any training literature since it is to 
be reused by other classes. Lights will 
be turned off any. time, the classroom is 
vacant for nor e than 20 minutes. All 
consumable materials wiH be used 
conservatively throughout Block IV. 

WEhDINS CAST IRON 

^st iron is an alloy of iron 

containing a high percentage of carbon 
and is made in cast form. _7he carbon 
cratent is usually from 1.72 to 4.52. 

Cast-iron generally cmtains small ::i 

percentages of silicon which. act as a 
fluxing agent and improves fluidity. 
Alloys of cast iron contain such elanoits 
as nickel^ chromium^ mplybdenins^ vanadium, 
^j-j ^Pj^y. gllTmlniTm, and copper. General 
characteristics of cast iron include 
h^dnesSy brittleness, great compressive 
strength, low tensile strength, high shock 
resistance, wear resistance, and 
corrosion resistance. It is not malleable 
at any temperature and has a tendency to 



crack if it is subjected to quick changes 
' in temperature. _ for.this reason, it 
cannot be forged, ^rolled, tyisted^ or .• . 
bent, its low meltisg point, fluidity, 
and fusibility make it an excellent metai 
for casting. 

. o 

_ Gr^ cast-iron is the most common : 
ty?® • _ _ this cast iron is fractured > 
the bresdc appears gray because the' 

'surface is covered with free ^aphite. 



^ite cast-iron contains carbon in 
the combined form. It is readily 
distinguished^ by _its hardness and 
brittleness and when f ractured ,^ the break 
appears silvery - and white with little or 
?°J?^?^^?-?_S^?F^i^c carbbn. White cast 
iron is produced by * rapid qu^ching from 
the molten state. It is available* in 
'^??°??^?^P??^ti6hs, some of which are 
used in making malleable iron castings. 

Malleable ca[st ixon^ is produced by 
prolonged annealing of white cast iron. 
This annealing causes a decarburized 
steely skin and a dark core of tempered 
carbon. These castings will bend before 
breaking and are more suitable to use 

shock occurs. 

HBtallic Arc Welding 

Metallic arc welC^ag . is the only 
^f^-^^Pi P^P^f^s adaptable for certain 
cast iron applications. Esomples of this 

are found freque^y^^^in_casjtin^ 

--permit the us^^f only a limited amount 
of heat and ±n jobs which required welding 
to bedbne in the ovcrfiead position^ 
This latter is usually prohibitive bj 
other methods because of the fldidity of 
the molten metal. Cast iron can^be. 
welded with heavy-coated monel or 18-8 
type stainltess steel e3^ctrodes. Other 
high-nickel rods such as "nirbd" ^d 
"nicast" can, td.th proper precautions, 
produce a fairly machinable weld.- 
Various types of mild steel electrodes 
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8uch_ as_ "strbngcast"_ and "f efrbweld" are 
available for arc welding of cas t iron 
\^£n a noxunachiiKabxe weld is satisfactory; 
^^nze electrodes are also available, for 

any other combiration of bronze and iron 
based alloys. These electrodes are 
recoimnended for inalleable iron cas tings • 

Metal Prepat^tidn- * 

f • • 

The edges of the joint should be 
chipped out or beveled by grinding to 
form a SO-degree included saigle bevel • 
The vee should extend to within 3/32" 
from the bottom of the crack. Always 
maintain origteal alignmest of the parts. 
Where a crack i s Lol btf^ ySdf^^^^-^ar ^sn ^^ 
^9^f ?^9^^^ Pasting at 

each end of the crack to prevent it from 
lengthening when the welding heat is 
applied. 

Studdi hg 



Where maximum strength is necessary 
in heavy cast iron parts > studs of steel, 
approximately 1/4" to 3/8" diameter should 
be used (refer to figure 21A) . The cast 
iron shduld be veed out > drilled ^ andr 

^PP^§* ?l9?S_?^f_Y^^_?9 studs 
may be screwed into the casting. A 
coarse threaded bottoming tap should be 
used. The studs shduld project 3/16" to 
i/4" above, the cast iron surface. The 
studs should be long enough to b^ screwed 
into the face of the casting and to a 
depth of^t least the diameter of the. 
jttids. The cross sectional area of the 
studs should be 25% to 35% of the area of 
the weld surface. It Is good practice, to 
first weld one or two beads aromd each 
stud, making sure fusion is obtained wit^ 
Che stud and cast iron base_ metal.. _ 
Straight lines of TOld metal ishould b e 

|yoidedLas_mnct-3S poss^iblei — Welds- 

should be deposited _intermittently_^d 

^^^_^§§^_Pf *^_^^9?^_^99_^^8* _ ?f _ _ 
Lt is difficult to apply studs to a joint, 
:he edges of the casting can be machined 
>r^hipped out yith a_round nose tool to 
form a long U-shaped groove on the 
JTurface and face_pf each beveX^ as shown 
Ln figure 21B. These grooves serve as • 
inchors for weld metal deposited in the 
joint ahd_ helps to increase its strength 
iechanically. ^ 




GROOVING 



■ Cast ^on J/etds. ^ ' 

Welding Procedure 

Reverse polarity with a m-lTi-fTmtTn 
c^Ecrent setting should be used for. 
metallic. arc welding of cast iron.* 
Poldotit 1 lists recoznmehded current 
settings for cast iron type of electrodes. 

_ _^g|j:^jgg- sjffl^ i^ocej^^-Wi-l^stringer 
" ""beads'^approximately i" is length. Each 
bead should be_ allowed to. cool before 
P?99f^^^8_"^^_^^¥^^? bead. In some 
cases the skip procedure should bo used. 
Each short length of weld should b.e 
peened lightly immediately after the bead 
has been deposited. It should also be 
allowed to cool before^ addi-tional weld 
metal is^^posited. The peening action 
gives a forging effect to the jnetal and 
helps relieve the_ stresses sef up by 

99°l^i* reduces the 

danger of cracking in the weld or base 
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Tnetal. T^^e cooling between. beads 
;^educes che amotmt of heat Inducted into 
the part* 'Q'sing a saaH diameter 
electrbde^ also helps to reduce the anount 
9^_^fM?_^^y^^^4* Weaving of tHc 
electrode should be kept to a minisnm; 
Each bead must be cleaned thbrbi^s^iy by 
chipping and wire brushing before 
additional metal is deposited* 

QOSSTIONS 

Note: Answer all questions on a- . 
separate sheet of paper. DO NOT 
WRITE IN THIS STTJBY OTS)E. 



2i Which type of cast iron is 
annealed?- 

3; Why is peesiag used js cast 

iron? 

4; What is the principal drawback 
in welding cast iron? 



_ -1,^^^^'^^T^St - xs^xecCTu mgn geg^ljicJnicle'd" 

angle of a cast iron butt joint? 



5, What is studding? 
REFERENCES 

X0^34W4-l--5; Welding- ^teory^^ad. 
Application, Modem Welding Handbook. 
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3ABR53131-SG^406 
. HARD SORFACING, CUTTiNS, AND RESiSTANeF MELDING 



OBJEGTIVES 



After cbmpletihg'this stiidy guidie and. classroom instruction, you will apply the 

procedures ^d techniques in metallic 'arc hard surfacing and cuttdii^^ and Tesi 
weldingi : 



iNTRODuerreN 

The hard, surfacing process has been 
used for a long ttoe to increase the 

service life of .equipme nt used in 1_ 

^dSingnSpera t ions • '^The 
proper application of h^d surfacing . 
material jcan increase the service life of 
any given, piece of equipment from two to 
25 tices. Imagine the cost involved is 
a road building pperation or a mining , 
operation if hard surfacing were not done. 

It is important to khbv7 how to save - 
Air Force equipment and material; however, 
it is just as important to know how tc 

^.dispose of it once it is no longer of any 
use* Itsay items must be reduced to a 

.manageable, size; and separated by types 
of material. ^ In aa.ay cases this is done 
by means of metallic arc cutting • 

T^u are now familiar with the. 

methods 'ised to joia metal. You Imow 
when and how each method is applied. 
What happens then when a metal is too 
thin for normal welding methods? You 
must icam a new method known as 
resistance welding. This method vas 
designed £cr aetals that are too thin ' 
to be joined by other methods. 



A resistance welder known as a foil 
weldei^ has been developed for use on - 
metals too thiti for other resistance 
welders. Its primary purpose is for 
repairing Insulating blankets used on 
jet Qigfees; 



INFORMATION 



- MANAGEMENT OF DEFENSE ENERGY RESOURCES 

- Due CO t^e conservation of energy 
resources^ do not write in or mark on any 
training literature since it will pe_ 
reused l^y other classes, fights will be 
turned off any-time the~ciassroom is - - 



vacant for more than 20_mihutes. _ All 
consumable materials will be used 
conservatively throughout Block IV. 



- -^JpifiL^ORE^ 

- WELDING PRlNGIPbES 

The principles involved in metallic 
arc hard surfacing arc basically the 
same as those of oxyacetylehe hard •'^ 
surfacing. Th^ major difference is' in 
the method of application. The - 

?^Y§?C5Sfs of the arc process become 

readily apparent when you have to btiild 
op and hard surface a large item or area. 
^ ™9??_^?^esj there is little or no 
preheating since the arc supplies the 
heat. ' " . . 

Spot, flashy and seam are resistance 

welding processes. The required heat at 
*-he joists to be welded is generated by 
che resistance offered by the work parts 
^o__the relatively short time flow of 
low-voltagei high-density electric 
current. Eeat developed in this manner 
is sufficient to raise the temperature 
of the metal in a ve^^lbcalized area to 
a plastic, state*' The m a - yf T mT nr temperature 
achieved is ordinarily. aBove the melting 
point of the base 5«tal. Pressure is 



""theiT^p'pl.ie'a' through the electrodes^ 
"^ich fbtge the parts together. The" weld ' 
is made between the sheets to form a spot 

'or V7eld nugget. Spot welds properly 
spaced a nd of specified size produce . 
joints comparable in strength to joints. . 
that are fusion w^ded . 

The various types of resistance 

welding processes diff 2r in equi^ent' 
design and welding technique. All " 
processes, however ^ have- one-coroon 
feature - ho filler rod is added to the 
weld. Recent improvements in the design 
of resistance welding machines and the 
development of special ailbys for aircraft, 
and miss iles"have~ brought ^ISoiit an 
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Increased use for this process in tHe 
fabrication of parts. Spot and seam' 
resistance welddig_Has alinost totally 
replaced the xise of riyeteci joints. This 
nev method produces assernbiies with a 
smooth outer _ surface which_ are light li 
strength. Alsb^ the 
effects of expansion and contraction 
cpnxmon to the fusion welding processes 

9^_2??^^^l?°:f_^^_™®*^4ll4-? are 
overcome by resistance welding. 

_The metal foil welding machine "is 

designed primarily for assen^ly and 
repair of stainless, steel foils \^ch are 
tged as i tisul atibn blankets bh some types 

used to hold in the heat of nigh 
tej^er^tut^e e^iaust sections whi<^ helps 
to maintain ma-ximmn engine performance. 
These blankets also act as protective 

?^^f??^_^_P^fY"^^_^-?^_^^§*^st 

temperatures from coming Into contact 
with structural members of the aircraft 
which could Weaken or destroy them. 
Insulation blankets are frequently 
iaroaged during the r^ioval of the engine 
from the aircraft. The type of damage 
nay be snags » tears, pinholes, or 
punctures which must be repaired before 
jeing reinstalled. - 

Recently, the metal foil welding 

aachine has bes sed In the assembly of 
stainless steel honeycomb structures 
shich are being used as structural support 
lembers in our latest st5)erscnic aircraft ^ 

HARD SURFACING ALLOYS 



are generally classified into five broad 
groups. 

Group 1 Alloys 

^?_^?^7M ^^^ ^^^^.S'^^P consist 
ziaxniy of an iron base and less than 2d 
percent alloying elements. These are 
madbily chromltnn, tungsten, manganese, 
silicon, and carbon. Group 1 alloys 
have greater wear resistance than any 

machine steel. Although n^t as hard, 

they have greater toughness and shock 
resistance than other hard, facing alloys. 
They arf* used to build up badly worn 
sections before applying aT final harder 



alloys are used for rock crashing and 
similar equipment where resistance to • 

^P^ct are most important and 
hardness is only secondary. 



There are many_types_of hard 
Eurfacing alloys. Each alloy is 



ipecitlcally designed to provide 
^r'^ erties which are best adapted to 
•9f?^^^_^^f_^f?^^ctive forces met in a 
;iven operation. In any type of 
lechanical operatiph^ moving parts are 
ubject to wear which results in ,a loss 
f material.' * Eard surfacing reduces ^ 
ear • Hard surfacing alloys are used ^ 
ot otily ?9_PF95fct new parts to eiisure 
reater efficiency ^ but to repair worn 
quipmeht. No sihgla hard surfacing 
aterial is ^tlsfactory f or all 
ppiications. Many types _ oT hard^acing 
llbys have been developed to meet the 
arious requirements for hardnes^^ 
oughnes s , sho ck , _ wear re s is tance , and 
ther special qualities. These alloys 



Group 2 Alloys 

The alloys in_this_ group consist of 
?^_?^9?_^^?®_9? 5?^ ^o SOZ iron with the 
remainder being the same dsnests which 
are used in Group 1. Small perc^tages 
of^ cobalt and nickel are sometimes added. 
^Sqme of these alloys have the property e£ 
"red hardness" which is. the ability. to 
remain hard at a red heat . These alloys 
are_used for final hard weariresisting 
surfaces after the part has been built up 
with a high strength rod*; 

Group 3 Alloys 

_ The alloys in this group consist of 
tfife^nbnferrbus alloys of cobalt ^ ^:hromium, 
and tongstsi^ as well as other nbhferrbus 
hard surfacing m aterials. 



Some 



alloys also have the property of _ red 
hardness, fhese alloys are available in 
different grades, all of which are highly 
?f?^??§?^_?9 y®^r possess a toughness 
and strength which give them a wide range ' 
of application . Valves made, from these 
#^9?^. §rf designed for handling gas^ oil,, 
acids, .and high temperature ^d high 
pressure steam. These_ alloys are used 

??^^?^^^^y_f9¥_?^f '^3^7^ seats in 
internal combustion engines. 



Group ~4 Alloys 



The alloys in this group consist of 
the carbide materials or diamond 
substitutes and are the hardest' ^d most 
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wear resistant of all the hard surfacing 
materials. _ Some of these alloys contain , 
90%*to: 95Z ttmgsten carbide; with the 
remainder being cobalt i nickel ^ irbrii or - 
similar metals. ^These give striength, 
toughness; heat resistance; and Inrpz^ t ; 
strength to the tungsten carbide. Sume 
9^ f???^_?^^9ys arc almost pure' tungsten 
carbide and contain no alloying eienents. 
Alloys of ■ this group are ■furnished in the 
form of ssalX castings^ Key are welded 
to the surface of the metal or other 
hard surfacing materiel. 'This 
application of tungsten ^arbide pieces 
to wearing surfaces is known as "hard 
-eetting." 



3. tow alloy steels; depending 
upon the base metal • Heat . treatm^t is 
required after hard surfacing. 



" "Group -FAlloys ^ — " '■ 

>» _ . _ _ _ . f 

Xhe alloys in this group consist of 
crushed tungsten carbides: of various 
sizes. These may be fused to strips of 
mild or low alloy steel, end^edded in hard 
surfacing material > _ high strength rod , or 
packed in mild steel tjibes of various 
diameters. AH of 'tdiese are available in 
short lengths Tiirtiich may be applied to_ the 
wearing stirf ace as welding rod. Crushed ' 
tungsten carbides are also available in 
loose form as granular pieces or powder 
which may be^ sprinkled onto the ^wearing 
surface and melted into it. The alloys 
in this groups although more expensive 
than other types, are tised for many 
applications because of their long life. 

HARD SURFACING 

Most metals and their alloys can be 

readily hard surfaced x^h the exception 
of\ copper ^_aluminim^_ and their alloys. 
These metals- cahh b t be satis f act or ily har d" 
surfaced because of their low melting 
points** In some cases'^ heavy sections 
of brass , ' bronze » and copper can be hard 
surfaced by pr^eating to a red heat ^d 
then applying the Group 3 alloys. Hard 
surfacing alloys: can be applied to the 
following metals and alloys: 

■ X» Low and medium carbon steels 

with a carbon cpnt^t of 0*50% or less. 

_2. Kigti^ c^bon -steels 1? Tthey are 

heat treated before and after hard , 
surfacd^g to remove hardness and 
brittleness to prevent cracking. 



; 4. Manganese steels^ which are_ 

^^^^^f^ J>y_?^^ ^talI arc welding 
process. Care should. be taken, to avoid 
overheating tl]iis metal and to apply the 
welding heat in order to heat the part \ 
uniformly. The deposit should be peened 
to relie\7e cooling stresses. 

_ _ - 5.. SLdlulwS eueels, including the 
high chrbmiim and ^chromium-nickel steels. 
The physical Properties of the particular 
steel should be known in order to 



" Hard surYac±ngT*^'Unl±bna he^ and 
cooling help to prevent warping and 
9?§9^^S' <i^e to the higher coefficient of 
expansion of the stainless steel. 

6. ^ Gray cast iron. Since the 

melting point of cast iron is lower than 
steel special precautions should be 
taken in working with thin sections. 

7. Halleable irpn._ the malleable 
iron^ surface beneath the hard surfacing 
layer hardens. Some of this hardness can 
be tembved I»y reheating the metal to 
approximately 1500 . ^ 

Metal Preparation 

_ The surface of the metal to be -hard 
surf aced must be cleaned of all scale ^ 
rust; dirt, or other foreign substances 
by grinding, machining, or chipping. 
When these meUibds are not available ^ 'l. 

the sur face ma y be P^^pared by filing, 

"^"r^rxiShing, or sandblasting. The latter 
methbds are nbt as satisfactory since 
small particles of foreign patter which 
remain on the surface must be floa;ted out 
during Che hard surfacing bperatiSnl All 
edges of grboves , corners , or recesses ° 
WIS t_ be Weil rounded to prevent 
overheating the base nietal. 

Preheating 

The same precautions for preheating 
shbuld-be taken in hard_ surf acing as_are-_ 
for welding the particular base metal. * 
If possible, steels in the heat treated 
cbhditibh should be annealed before the 
hard surfacing layer is applied. " 



27 



Quenching is, water v^ll_craclc ^Jtie hard 
surfacing layer. When it is necessary to ' 
heat the metal tb^ the critical_ temperature 
•after hard surfacing, oil shouTd be used 
as the quenching medixjm^ When it is 
?^P???^^if_^^_^fi^sirable to anneal_high 
carbon stefei or high tensile low-alloy - 
steel, the hard surfacing alloy is 
depbsited by t^e_ transition bead method. 
This is.done by firs^ depositfeg a thin 
l^yer of stainless steely such asthe 25 
percent chromium/20 percent nickel rod or 
the i8__percent chromium/8 percent nickel 
?od^ Next, build up the section to 
approximately the original dimension^ 
using an 11 to 14 percent manganese or 

hard surfacing with one of this Group 2 
alloys. >• 

Deposit Thickness 

Depending upon the specific 

application^ worn sections are rebuilt 
with hard_ facing deposits ranging from 
L/i6" to 1/4" in thickness. When it is 
necessary to deposit hard surfacing 
naterial in -excess" of 1/4", the part is 
rebuilt with the Group 1 alloys to within 
t/16" to 1/4" of the f^fehed size. The 
Einal deposit, consisting of Group 2 or, 
L^^^-^y?^.^'?.?^^^^ with some excess to 
?ermit grinding to the desired finished 
limensiohs. .When harder and more brittle 
Jroup 4 3Sd 5 hard surfacing materials are 
ipplied, either as a final deposit or in 
I single layer i the shape of the. deposit 
should be carefully controlled • This is 
japprtant in order that impact or shock 
-bads may be transmitted through hard 

;urfacing metal into the tougher base 

tetal. When not backed up by tough base 
^tal, corners, sharp edges, or built-up - 
ections will chip or break off in 
ervice. 

ppli cation 

Every hard-facing metal , except some 

f the Group 4 and 5 alloys, is applied 
ith either cpated or base electrodes, 
^^i_?fY'S^se polarity. The flux coating 
1 coated electrodes reduces spatter loss, - 
ssures good penetration > prevents 

4!®Posited metal and helps 
> stabilize the arc. The bare 
ird-facing electrodes are used when it 
I "liscessary to "apply a heavy bead or to 
tposit the metal against a copper form. 
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. For best .results^ the filler metal should 

^fP?site^ by using a long aw 
Foldout 1 Tssy be used as a guide in 

selecting the^ current settings for 

... - _ J 



hard-facing electrode; 



Procedures 



Xhefoliowing are general procedures 
to be used when hard, surfacing metals 
(tow carbon plate) . 

1. Select a low, carbon plate ^ 
measuring 3/8" x§" x 6" and secure 
Toolweld- Number 55 electrode i/8" diam^f^r' 
(Group 1). " ^ 



2. Cleaii the surface to be 
hard-faced . 

3. _ Bevel the edge of the metal 
plate to 60*. 

' 4. _ Apply hard-facing matetial^d 
the beveled, part of the plate. 

5. Inspect the weld for porosity, 
?y^^^^PP^8i and insufficiently 

built-up edges. v 

6. Surface smooth and 

check for proper cutting edge. 

- ARC euniNG ^ 

Most metal can be cut by the 

metallic arc process. The metallic arc 
process .depends on gravi^, heat, and 
^9?9^ 9^. the arc to remove the molten 
metal from tl>.e kerf ^ Oxidat ion (burning 
of the metal) does not take place its-in- — 
oxyacetylehe cutting. 

Arc cutting is used for cutting of 
^P^^P.-f^^fli.??? P^^P^^iiig metal prior to 
welding, cutting heavy castings, and 
cutting nonferrbtis metals. The last 
application makes the process adaptable 
to the scrapping of salvaged aircraft^ 
Cuts made with the metallic and carbon 
arc electrodes are rough and irregular 
and are not as clean as cuts made by::the 
bxyacetylene"process . 

_ Metal l ic arc cutting is best 
Pf^^ormed by using mild steel electrodes 
of down-hand (flat)- deep groove type with 
a heavy coating. The heavy coating burtis 
rnbre slowly and serves as an insulator, ' 
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Electrode Diameter 


Current 


1/8 




- 5/32 r 

:• . . > 


300 amp 


. 3/16. 0 


'400 amp 




Table 1. Ciccrent Requzrmeni 


for Metallic Arc Cuttir^. 


ig arcing to the sides ' of tlie_ _ 


RESiSTANeE WEtDiNS 



kerf. Current ^requirements for metallic ■ 
arc cutting are given in^tabieJ. __ 



S pot Welding 



It will^ "b e no ted "that the curr en t 
requirements for metal arc cutting are 
much higher than those used for metallic 
arc welding. Polarity adjustmentg are ' 
consistent with_ recommendations of the 
nanufacturer. When lacking this 
infonoation, oeperlttient until desired 
resxp.ts are obtained- li starting the 
cut; the arc is held at the point 
selected until the metal hegiss to'fldw. 
^e arc is _ then moved along at, a rate 
vhich permits the molten metal to - 
continuously' flow out of the cut,r^s 
shown in figure 22. . ^ 



This is the most widely used 
resistance welding process^ The name 
"spot welding" is derived from the fact 
that the weld is made at one point or 
spot between the electrode, as shown in 
figure 23. 



ELECTRODE 





Figttre 22* Metallic Ari? Cuttivg 
Rmaotng Ca^t Iron G^az*. 



SPOT WELD" 



Ti^e 23. ^oi Wel&ng. 

Spot^weldiag machiiies are 

manufactured in a ^rariety of types and » 
sizes but_are_u8ually classed as '*Rbei^ 
^M"^ot> '•PRESS," depradd^g 1^^^ the 
movement of the npper arm. The rocker 
arm machine^ sHpwd in figure 24, is so 
upper arm is pivoted 
and swings in an arc. These xoachines are 
used for wading light gauge metals* The 
P??^_^?P^_?So?_^elder has a straight up 
and down movement of the upper arm , 
similar to that of a punch press. 

_ iS addition to Sese; thsre are ' 
multiple spot welders that make several 
spot ^elds with one mwemc^ b| the upper 
arm. Portable gun* spot welders are used 
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that would hot 
fit. into the throat of conventional 
niachihes. The control panel and 
transformer of portable viachihes inay be 
suspended from overhead rails and moved ' 
freely about the work area. 






Fzgitre 24. . Backer Arm Type Spot Welder. 
"Seam*' or "Roll" Welding > 

Thi^ is a resistance weldiifg process 

similar to spot welding except that the 
electrodes used in the latter method are 
replaced by copper alloy wheels cr 
rollers. The work is placed between the 
rollers and pressure is applied to hold 
_^f _P#^?? close contact. One of the 
• wheels is motor-driven at an adjustable 
speed. The speed at ]6rfiich_ the work- is 
?^Y_^ length of time* that current 
flows may be regulated to produce 
overlapping welds_and gas-tight seis, as 
^own in figure 25, or they may be spaced* 
an inch or more apart. This machine is 
widely used in manufacturing, jet engine 
inner and outer combustion chambers and 
tail cone asseoiblies , aircraft afid 
automobile fuel' tanks ^ and other liquid 
or gas-tight assemblies. 



Figure 25^ Cross Sectional 

View of CL Serni mtd.- , 
A- ' • 

Spot Welding Electrodes . ' , 

Electrodes are made of copper ^lloy 
with a hardness of at least 70 oh the 
Rockwell^B scale and at least 80% 
electrical conductivity. Although "these 
electrodes are simple in design, local 
manufacturing from warehouse stocks of 
ordinary copper is hot recommended. They 
may deform under liigli pressure and may be 
'low .in electrical conductivity. The 
■^^^-i^. of ^^■'Bctrbde contact face 
determines the size of the spot weld. If 
the contact face is too small, the weld 
may be sound but low in total strength, 
if the contact fac^^s too large, a 
higher current will'^e required to 

¥99?^^ increased resistance . This 
condition can cause localized heating and 
result in poor weld surface appearance. 

Electrodes are made in 5^iiy_ diff er^t 
shapes and sizes ^ depending on the design 
9^ P??f ^9 welded and desired size 
of the spot weld (figure 26). Regardless 
of the shape of electrodes^ provisions - 
mast ^e™ade for keeping them cool. This 
is accomplished by machining a recess to 
within 3/8" of the contact face. Water 
is circulated through this recess at the 
rate of one gallon per minT:te to cool 
thim and to prevent surface fusion of 
electrodes md work. 

A rule to follow when selecting 
electrodes for a givf^jo^.is to select 
one with a contact .face diameter ert^uai to 
four tb-f.ckhesses of one of the sheets to 
be welded. Pressure on the electrodes 
may be varied slightly to "produce 



30 



c 




A : FOR WEtDING METAtS OF DIFFERENT CONOOCTIVITY. 
B . FOR WELDJN6_METjiLS_0> DIFFERENT T^ilCKNlSSf S: 
C . FOR WEtOmG CtOSETOANANGLE. / 

Fiefure 26. Various Types of Electrodes • 



indentation and thereby arrive at the 
proper diaaieter contact area and spot 
weid. ' 

After being in service, electrodes 

w±ii develop fiat surfaces and -flash pits. 
They should be inspected regularly and 
redressed with an electrode-die-pbint 
dresser and rough (75-100 grit) enery 
-cloth or piaper. 

Maintenance of Resistance Welders - _ 

_ _ ^ _ - If^P ^c^i^® >_ continued bperatibn 
_ of a resistance welder* depends upon proper 
^ care and maintenance. The fbllowing ■_ 
preventive maintenance bperatibns . should 
be performed on aU^ resistance welders. 

1. j^i^pC'^^tacf^'surfec 

lower homways with steel 'wire every six 
Qunxths when welding steel^and every month 
when welding aluminum. * " " 

. - _ - 

2. Clean contact surfaces of ; * 
electrodes and eliBctrbdie holders with ^ 
steel wool every week, as. shown in 
figure 27. 

, >_ _*__L_L_ : 

3_. ' ^ Clean contact surfaces between 
lower horn and_ horn<.1$«cket with ste^l ^ 
wool every week, " / * 



OJEaN Ti-gg gyjTacT sofg?«zs with steec wooc 

OR FINE EMERY CX:aTH AND WIPg OFF 




•■^•pcarts _ _ ^ __ 

srtBL %OMCC cvorr lidirfH wh6< wclmnc *uji itt«ua 

figure *27, Surfaaes to ie Cleaned. 

. I'^^^^^^t-e "Ways of upper press 
arm (or swivel) each eight hours of 
operation. 
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• -aEAMING AND WELDING * 

Carbon Steel • 

CISA^^G.^ Greasy or o±iy steel 
should be degr eased in_ a vapor degreaser 
or as specified In teclmlcal order 
"cieaalng' of ^eropautlca?. Eqixipjs^t • 
Hill' scales present onhct rolled steely 
t»y be reinbved by steel ^it blasting, 
vire vh'eei buff tog, or by tie manual 
, ; - application of^g^y jrXatE^.^-^anSbto8 ting 

L--^'^^^'^^^^^:^^^^^ _ _ _ _. 

sUlclous material may retrain on the metal 
surface and ca use hiffb> Y" ftTT'ari^--fiTTr^-?Tr^ 

— ix^lstaroe conditions*, spittings and 
expulsion of the molten metal. The 
operator ^hcmld avoid tpuchin| the cleaned 
metal surface ^th the hands since the 
flim of deposited oil and moisture affect 
the quality of the wfeld. 

, yS^^&.~ Carbon steel -is the easiest 
of all vaetals to veld* _ It has a vide 
plastic rmge and c^ be t^ded vith a 
variety of current, pressure, and time 
settings* _ It"^puld be remembered ^ 

however^ that all ^fslstance velding 

operations should be preceded by a series 
of experiments to determine vhat control 
setttogs^are^es,t -for a gtvsn job^ 
Variation in line voltage> vater pressure, 
air pressure^ and cleanliness of- parts to 
Be velded pr«^vexits prescribing- specific 
control settings. > - 

Stainless Steel v 

CLEANING. Cleaning of ataixxless^ 

steel is ^^uatly limited to removing dirt, 
oilV or -^ease in a vapor degreaser or 
manually vith a degr easing agent • After 
being in service at elevated teiiq)eratures , 

""painless steel develops a^' ceramic coating 

that acts as an insulator betveen^e 

^ectrodes wd vork;« This Qoating resists 
the action of a vife_ ^eel but is easily 
removed by soaking the part for a fev 
mtimtes In molten caustic. The caust ic _ _ 
batfi sh<^ ld be_ falj jrv*^ 4.«B^>^t^iViy-i^g-a^ ' 

— ^Geid-;-watef^ t±£sJ^ to re?9Y® > _ °^ _ neutralize , 
aU traeiEs of . the caustic solution. 

_ ?taii4%ss steel* ls_easi^ 

welded but requires exacting: control of 
tiiae . and pressure. _ The electrical 
re^st^ce .of stateless stce^ is greater 
th^ that of carbon steel and the thermal 
conductivity less; therefore it requires 



less velding current and a cprrespphding 
tocrease of pressure; Stal^ 
should b^velded as rapidly as possible 
because of the danger of carbide _ 
precipitation between 800 and 15do**F. 

Inspectiofi and Testing of Spot Welds 

_ INSPECTION, The outer surface of a 
good spot veld should be smooth^ free of 
^^acta^essentla^iy-free-^—tip plcicup 
and flash, pits. _!i^temal tespection of a 
veld may be made by lap velding two 
coupcns-j(l. X 6 ig(dies), as^^ogn 1ti 



Tf igur e _ 28 ^ _ and. shearing In a vise. The 
'^sh eared veld should present a rounds fine 

grained, ^^^^ f^ised area. The rou^ 

veld area is proof that a good bond vas 
obtained and that chunks of metal from dhe 
coupon have fused into and pulled^ away 
from the other coupon- The sheared 
section should C:hen be Inspected under • 
microscope to determine grain size and to 
check for minute cracks.. If the sheared 
veld appears to be satisfactory, m 
veld should be made, sectioned 1/32" 
above veld; center ^ pcllshed^ etched^ and 
again e^ttll tied under the n^croscbpe. The 
etched veld should be an .oval 
apprpxlmaticgi an ellipse.' Pcnetratidn 
should be ^5_least 20Z of the sheet 
thickness, (one shf^et) and should not 
exceed 80% of sheet thickness . 




FtguT:e 28. tjccp Veldsd Coupons. - 

- ' .-TESTING. After a weld has passed 
visual Inspection, described in the 
preceding section i typ coupons should* 
be lapped and velded for a tCQsile test, 
as shotm in fiaKe- 29. The ve3 




Figure 29, Tensvte Test Cdicpm. 
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considered ssttsf actory ±f It puUs 
above the y^^l*^"" veld strength, specified 
in the table for that type metal. 

FOIL HELDING 

Hetal Foil Welding Unit 



The VTW-IM (^§cuuiix Tube 
Welder) in f igtore 30 is an enclosed unit 
-which consists of a veldins' transformer , 

and an adjustable speed repeat timer.. 

pover input' reqxilred is single phase ^ 
205-240 voit AC, 50-60 Hertz. 



CONTROL FAJmi. In figure 31^ the 

location on the panel can be seen* ' (ij 
Power switch^ (2) output receptacles^ (3) 

actuator receptacle, (4) gelding : 

indicator li^ts, (5) weld power control 
switch^ (5) repetition rate cbhtrbl ' 
switch, (7) single-repeat switch. ^ 



same manner except that a wire mesh is 
added to the .outside of the bl^ket for 
greater reinforcement and prbtec.tibh frbm 
damage; 

FOIL TIES. The, metal fbil is a 

corrosion resistant, steel-, type' 321 or 
-347^~aiid- the~-thickness^ may^vary f rom" 

to -008 depending bh where the 
insulation blanket is to be used. 

^^g^^^cr acfe, teais, plimb lesir 



and/or punctures in the skin or foil of 
the blanket i over an_ area of 15 degrees 

?^§f_^^_?^® blanket installatibh 
bottom center line, mast be repaired. 

2. Patches tSist bverlap 1/4" and 

light, overlapping spot velds tised to 
make a tight repair. * - 



OFF EC ON 



POWER, 

m 





OUTPUT 
(2) 



ACTUXrOR. 
(3) 




INDICATOR LIGHTS 



POWER-ON READY 'o' ro' o- . ro 

^ (4) , WEtD POWER REPETITION 




(5) 



RATE 



SINGLE 
REPEAT 

tt) 



Figitre 31* Cdntrot Fcmet* 



Types of Ihsulattbn Blankets 



Foil and mesh insolation blankets ' 
are used on various' parts pf .the eschaust 
sectibn of jet aircraft. In ifigure 32, 
,the fo^ blanket is constructed . with 
tosulatibn material placed between twb 
thin sheets of =fbil. -The^ mesh type 
insolation blanket is "constructed in the 



_ 3* In the remaining blanket area, 
patches may^ be installed by spacing sppt 
velds ijs a straight, or staggered line / 
pattern, figure 33 lists type of damage 
and typical repairs. ^ . » 



mSH TIPE.^ The mesh type insulation 
blanket is^abricated differently from 
the foil type. A wire mesh is added on 
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Foil Type 



Mesh Type. 



.-V- 



Figitre 32. Types of Insulation Blankets-. 



Damage 


Repair 


Pixi2ioles> tears or cuts 

in sldn of blarsket. 


oeax wiui.u. uu&* mcxi zo uv^ incn cor~ 

rosibh resistant steel foil, type 321 or 
347* Attach to blanket using light spot 
weld. 


Tear or cutout in edge of 
blanket. 


Patch with 0. 002 inch'tb 0» 004 inch cor- 
I rbsibh re sistajit steel foil,- type^^^^^^ 
3 47 i wrapped _ar blind edge <ff blaric«t. 
Attach to blanket' using light spot weld. 


' Wrinkled blanket edges. 


Flatten but wrinkles. Check for tears > 
BJid cuts. If any are present> j^pair as 
described in preceding step; 


Torn out gronmlets* 

■: ; ■ ; 1 

• - t 

- - :; . ^ J 

1 


Patch skin area with 0. 002 inch to 0. 004 
inch corrosion resistant steel foil^ type 
321 or 347i allowing 0. 25 inch pat ch_ , 
overlap. Attach tb'blanket using light 

-spot-weld. . For torn -edge^ wrap -sheet . 

"Sround^dge, overlapping totn edge . 
sufficiently -to obtain good weld seal - - - 
joint. Punch or cut out hole for grbmmeti 
and install, new grommet. If grommets 
are not available ^ seal edge of hole by: 
overlapping spot welding around hole.; 



Figure 35. Types of ^anzige zmd Typt&il Repairs. 



the exterior side . to protect the* foil 

from danage; It is placed* on the blanket 

as. a reinforcement to prevent tearing or 
snugging of the foil during malritfinaiice 
and Irandiing. The sesh blanket may be 
repaired by the following steps: 

_ - 1.^ Inspect tise blanket carefully 
for snags ^ tears ^ or pimctures in the 
wire mesh. 



2. A mesh type insulating pad with 
wire mesh may_ be repaired ^ 
provided the damage is_not'^riB than 36 
square inches in any one area. 

- 3. Mesh repair patches must overlap 
the damaged area approximateiyone inch 
™^ ^^_?^????^_^_PI^9e with .032" steel 
bpstitcb staples or laced with safety 
wire. The staples should be located at 
one-half inch intervals. 

Caution: Do not staple through the 
pad or foil. 

4. Patch repair small areas which 
have become separated or matted. 

Insulatidn^Blanket Repair 

In order to properly repair 
Insulation bl^kets xd;th the least amount 
of difficulty, thie following should be 
observed : 

!• blanket must be 

cleaned prior to welding. No attempt 

^^"^ to clean the blanket with a 
solvent soaked rag, or to remove 
discoloration x^hich remains after vapor 
degt easing. ^ 

2. Accumulations - of hard crusted 
¥il.?-_^ removed by cutting out 

the area or' areas .and patching done 

within prescribed limits. 

3. " Use duck bjEif Snips or scissors 
to trim foiltd required size fo^ . ■ ' 

P^???^?i»_§?-^^^^S ^ iflinimum*-<rf'^4"r edge - 
distance for lapptog-^nT^ound. 

'TTT _ _??^^h, material must be clean ^ " . 
and the edges smooth. Form, patch to fit, 
the grooves of the blanket when necessary; 

Procedures 'for Machine Setup 



!• __Connect metal foil welding 
machine to power source; 

_?^??f5^_J^o^<i cable and eitner 
the spot or seam weidtog^iandgiece to the 
front panel receptacles marked "GUTPUT;" 

3. _ insert actuator plug into the 
recisptacle marked "ACXtJATOR." 



- ^* ___Tum on POWER switch - a red 

will indicate that power has been 
applied. 

3. _After a one minute time lapse - 

: ^_^®®^J^?ht will indicate that the unit 
is ready for operation. 



Note: '^feterial to be repaired must 
be_ cleaned prior to welding. Keep 
welding electrodes dean. Electrode 
pressures must be held as uniform 
as possible. 

Procedures for Spot Welding 

1- Set SINGLE-REPEAT switch to 
"SINGLE. " - 

_2- i Set WELD POWER CdNTROL „ 
at low value if liglit gauge material 
(.001 .002J is to be welded. Set 
■ control to mid-range for heavier gauge 
material (.006 - .008). 

3. When making all welds, the 
ground electrode must be positioned with * 
^^e tape^p portion of the electrode held 
^^^^ ^S?™st the work material to obtain 
the best possible ground connection. 

. ■- - ^- 

4; Depress the micrbswitch on spot 

weld handpiece.' 

Note: Make sample welds -and pj^ll-^-'^ 
test the material befoxe--at'f^^ting 
to make s tru_ct;«raX''repa_ir . The, 

meta3^f 6glS|teuld^--#a il beluie im ' 

- 'wild nugget breaks. 

Procedures for Seam Welding" 

1. Set SINGLE REPEAT switch to 
"REPEAT." 

_2^ Set WELD POWER CONTROL' switch 
the same as for spot> .welding; 



36 



i08 : 



m 



3. _ The ]pPETITION RATE^COTTROL 
switch aUows the adjastmeat of welding 
speeds from 1 to 20 spots per second. 

Four to five spots j>er second is most 

desirable ;ander normal welding conditions. 

4. J5epress the microswitch on the 
seam weld handpiece. 



QUESTIONS 

Note: Answer all questions on a 
separate sheet of paper • DO NOT 
WRITE IN THIS STUDY GUmE. 

1« What is hard surfacing? 

2« What is the carbon range of the 
low and medium carbon steels that may be 
hard surfaced? 

3. steel above 0*50% 

carbon content be_ hard, surfaced? What 
precautions must be taken? 

_ 4. Name three functions of hard 



_ ^ 5. W!iat percent of alloying 
elements are- fotmd in the Group 1 hard 
surfacing material?. ^foup 2? ^ 

^.^^^.S^^'^P.^? _Stoodex found? 

Stoodite? Steliite? Borium? Tube 
Borium? 

What,:iypfc-:c^^hard surfacing 
gat^xiaarls^ouhd In valve seats of 
internal combustion engines? . - " 

8. What hard surfacing alloys are 
generally used^whsi -p^a are stflsjected 
t^use in sand' and s^rSvel.? 




9* What is the transition bead 
.method of applying h ard sigf acin g?— : 



lb. : • Witt carbon or metallic arc 
cutting produce as smooth a finish as. 
bxyacetylene. cutting? ' ^ : . > 

11. _ What type of electrode is best 
suited f bi metallic, arc cutting? ^ ^ 

12 . What_li the Approximate amperage 
setting for a 3/16" dimeter electrode? 

13. What_ polarity" is used for carbon 
arc cutting? . ^fetalllc arc cutt&g? 



14. _ How dbes_ the ^current setting 
compare between welding and cutting with 
a 3/16" diameter electrode? 



15 i Will the carbon arc cutting 
procesis isatisfactbrily- cut armor plate? 

16. _ What_ methods may be used to 
remove the s cale and rough e dges after 
cutciag? .- . . " 

17. What two factors largely 
determine the current setting? y . 

_ _ 18. PS oxygen used in cbnjuhctibh 
with some metallic electrodes for- 
catting? Explain. 

19. What are the three iniportant 
factbrs in resistance welding? 

20. Whab is electrbde cbhtamioatibxi? 

21. Why shbuld spbt welding 

electrodes be made of a speclal::copper 
alloy? 

' 22.. Why isthe timing sb critical 
in welding stainless steel? 

23. _ Pb'es thej©elding of St 

steel require a iiigher' secondary current 
than :^TTTT"'fr"^ bf ~t!t^s^e thicteess?; 
Explain. . . ; ^: :^ 

24. ?hat will happm if the 
electrode radius is tooi^smalit- 

. ^5i_z:-4iaiy-T(re short heat times - 
iMcessary in welding titanium? 

26- \^at Is -the pt^b^ of 
insttlatibn blankets? ^ 

27. How are mesh* repair patches 
secured In place? . 

28. _ How is patching material cut 
to shape? . ' r^^^' 

29. _ How are aieas that have 

acctssulations of hard-crusted material 
repaired? ■ ■ — - 



30. _ What, type bf 'welding is xiscd 
to. attach patches to the foil? ' - 

31. any particular weldin 
patterns used in blanket repair? 
Explain. 

REFERENCES j * 

TO 34W4-1-5, Welding- Theory ajad 
A pplieatibn» Modern Weld te&> Chapter 20. 
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